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Electrical Progress and Development 


During 1936. 


By H. W. RICHARDSON, B.Sc., M.I.E.E. 
Editor of The G.E.C. Journal. 


INTRODUCTORY. 

The electrical industry may regard with satis- 
faction its accomplishment during 1936. Sound 
reasons can be advanced in support of this con- 
tention alike in regard to technical achievement and 
business transacted. The introduction of television 
on a commercial basis takes first place in the category 
of outstanding events. It forms the culmination 
of years of intensive research and investigation. 
Scientific effort will be continued until the practice 
of television can ensure results far in advance of 
those now possible. 

The progress to be recorded in carrier current 
telephony is of a far reaching character, for there 
is every indication that future telephone practice 
will be revolutionized. Already successful experi- 
ment foreshadows a type of cable capable of providing 
200 speech channels. Great importance attaches 
to the employment of a quartz tube in the smaller 
sizes of high pressure electric discharge lamps. 
Higher temperatures of the internal tube are 
permissible resulting in largely increased efficiency. 
Hitherto, smaller sizes of these discharge lamps were 
not a commercial proposition due to low efficiency. 
Prominence has to be given also to the perfecting of 
a coal gas burner for the production of artificial 
gas atmospheres which give an altogether higher 
standard of bright annealing than previously was 
attainable. 

These few examples bear testimony to the 
extremely valuable nature of the technical work of 
the year. 


It is a source of gratification that the expansion 
of overseas activity which marked 1935 was succeeded 
by further steady improvement in 1936, for even 
in those periods when the demand from the home 
market proves encouraging, the prosperity of Britain 
cannot reach a high level unless export trade is 
flourishing. World conditions as yet bar the way 
to full prosperity, but 1936 was a successful year for 
the electrical industry largely because of the readiness 
of our Overseas Dominions and Colonies to purchase 
British electrical plant and apparatus. Interesting 
evidence upon this matter is given by the fact that 
75 per cent of G.E.C. exports went to the British 
Empire. Such a result has been achieved only as a 
result of long continued cultivation of Empire 
markets. 

In order to secure the interest and co-operation 
of leaders of industry in overseas countries, no 
method is calculated to prove more successful than 
the establishment of personal contacts. In further- 
ance of this policy, during 1936, Mr. Leslie Gamage, 
Export Director of the Company made a most 
comprehensive tour of Australia, New Zealand and 
Canada, during the course of which not only did 
he visit all the Company’s branches, but also was 
enabled to meet the leading statesmen and industrial- 
ists of those countries. It may be anticipated with 
confidence that the results of such a tour will endure. 

Other representatives of the Company visited 
Bermuda, British West Indies, Ceylon, Egypt, 
Kenya, Malaya, Palestine and South Africa. 

The scope of overseas activities is indicated at 
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several later stages of this article, but mention 
should be made here of the great importance of the 
many contracts for mining plant and equipment for 
South Africa, also of the world wide demand for 
electricity generating plant which possesses great 
significance as an indication that the use of electricity 
throughout the world continues to grow. 

In the paragraphs following immediately, refer- 
ence is made to the work of the G.E.C. Research 
Laboratories at Wembley. 


LPT 





Fig. 1.—A combined all-wave radio and television 
receiver. 


TELEVISION. 


The television section of the laboratories has 
been engaged in theoretical circuit work and its 
practical application to the design of a home tele- 
vision receiver. In co-operation with the Telephone 
Works at Coventry the constructional details were 
settled early in the year so that by the time public 
transmissions started at Radiolympia in August, the 
Telephone Works were able to show two types of 
television receiver, one for vision and its accompany- 
ing sound, and the second model incorporating in 
addition long, medium and short wave broadcast 
bands (fig. 1). The control arrangements are 
extremely simple. The performance of these re- 
ceivers exceeded expectations and during the autumn 
many sets were installed in the London service area. 
A special building was erected on the Wembley site 
to accommodate a section of Telephone Works’ 
testing staff, who were thus able to make final tests 
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on Alexandra Palace transmissions and deal with 
installation problems. 

Sets were installed and operated successfully 
at the G.E.C. headquarters, Magnet House, Kings- 
way. The interference level in this locality is high 
and the success attending the measures taken to 
Overcome it was very encouraging. 

In the course of the development work, it was 
found necessary to devise new methods and apparatus 
for use at the high frequencies of 40-50 megacycles, 
for the measurement of valve characteristics, attentu- 
ation of cables, and the inductance, capacity and 
power factor of all components. 

The 240 line transmitter at Wembley has been in 
continual use for development purposes and for 
testing cathode ray tubes and receivers. At the 
same time work is proceeding rapidly on the con- 
struction of a 400 line transmitter. 

The section of the laboratories devoted to 
cathode ray tubes had as its main preoccupation 
for the greater part of the year the establishment of 
the regular production of these tubes. Early in the 
year a tube with 12in. diameter screen was standard- 


ized, and production was begun at the Osram 
Works. 


‘*OSIRA’”’ HIGH PRESSURE MERCURY LAMPS. 


The wattage range of standard “Osira’’ high 
pressure mercury lamps has been extended during 
the past year by the introduction of a 150 watt size. 
The efficiency and maintenance data for this lamp 
are given below, together with those for the larger 
wattage ratings :— 





Watts. 


~ 400 
250 
150 


Rated Lamp | 


Initial 
Lumens 


per Watt. 


45 
36 
32 


Average Lumens 


per Watt up to | 


1,500 Hours. 


37 
31 
26 


Lumens per 
Watt at 
1,500 Hours. 


34 
29 
24 











The new lamp is very similar in construction to 
the higher wattage types and therefore needs no 
detailed description, particularly as it has been on 
the market for some months. 

Referring to the above table it will be noted that, 
as the wattage rating is reduced, the efficiencies 
diminish in much the same manner as they do in the 
case of tungsten filament lamps. If lamps of similar 
design are constructed for still lower wattages the 
efficiencies diminish rapidly. 

A study of the high pressure discharge has, 
however, shown that this reduction of efficiency 
at low wattages can be overcome to a considerable 
extent by increasing the watts dissipated per unit 
length of the discharge column. But this necessarily 
means an increase in the temperature of the walls 
of the tube during burning, and in order to withstand 
the temperature necessary to produce a substantial 
gain in efficiency, the inner tube is made of quartz. 
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On these lines two new low wattage ratings have 
been developed. The inner discharge tube in these 
is fundamentally similar in construction to that of 
the higher wattage high pressure mercury lamp, 
except that the very hard glass used in the latter is 
replaced by quartz. The dimensions of the new 
lamps will be very much smaller in proportion to 
their wattage than those of the types hitherto made. 

The two new lamps will shortly be in production 
and in the finished form from the quartz tube will 
be enclosed in a pearl frosted bulb of standard shape. 


“OSIRA”? FLOODLIGHTING LAMPS. 
The wattage range of the “Osira’’ floodlighting 


HETEROCHROMATIC PHOTOMETRY. 


As the result of earlier investigations and follow- 
ing many inter-comparisons which have been made 
with other laboratories in this country, including the 
National Physical Laboratory, and laboratories on 
the Continent and in America, agreement on the unit 
of light in terms of the various electric discharge 
lamps has now been reached, to an accuracy satis- 
factory for commercial purposes. 

The interchanges have resulted in a tendency to 
adopt an ‘‘agreed method” of approach to the 
problem. In this method the difference in the 
colour of the discharge lamps and that of the 
tungsten filament standard lamps is reduced to a 





Fig. 2. A small section of the life test racks on which ‘‘Osira’’ discharge 
lamps of all types are tested. 


lamps has been extended by the addition of 150 
watt neon and 100 watt mercury types. The length 
of the luminous column is in each case half that of 
the larger tubes, but the diameters have been kept 
the same. This allows parabolic reflectors of the 
same curvature and focal length to be used to produce 
similar light distributions. 

The new neon lamp has a tube efficiency of 
10-0 lumens/watt and an overall efficiency of 8-5 
lumens/watt. The light blue and light green tubes 
have an efficiency of 12-5 lumens/watt and an 
overall value of 9-5 lumens/watt. The tube effici- 
encies of the dark blue and dark green lamps are 
5-5 and 9-5 lumens/watt respectively, the overall 
values being 4-25 and 7-25 lumens/watt. 

Starting of the new lamps is accomplished with 
the help of an auxiliary electrode system, and the 
Tesla coil of the higher wattage lamps has been 
dispensed with. 


minimum by means of specially selected colour 
filters placed between the tungsten lamps and the 
photometer head. The transmissions of these filters 
are calculated from their spectral transmission deter- 
mined visually or photoelectrically, the spectral 
energy distribution of the tungsten source, and the 
internationally agreed luminosity data. In this 
manner the integral transmission of the filters is 
calculated for light from the tungsten sources with 
which they are used. The photometric balance is 
made on an equality of brightness photometer head, 
subtending an angle of 2 degrees at the eye, and 
operating at a field brightness of 25 equivalent 
metre candles (2-5 equivalent foot candles). Under 
these conditions it is possible for any observer to 
make a photometric balance without difficulty, and 
the errors which would arise in the presence of the 
full colour difference are practically eliminated. 
However, because the approximate colour match so 
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obtained is not an energy match, small differences 
will occur between the results obtained by different 
observers, so that for the most accurate work it is 
necessary to employ a group of observers. 


COMMERCIAL PHOTOMETRY OF ELECTRIC 
DISCHARGE LAMPS. 

Commercial photometric measurements on dis- 
charge lamps are carried out on a photoelectric 
photometer of special design to facilitate accurate and 
rapid measurements. This has given satisfactory 
daily service for the past two years and its absolute 
accuracy is only limited by the accuracy to which it 
is possible to assign lumen values, by the method 
referred to in the previous section, to the discharge 
lamps with which the photometer is calibrated. 


LIFE TEST OF “OSIRA” ELECTRIC 
DISCHARGE LAMPS. 

With the rapid development and increase in the 
production of electric discharge lamps, it has become 
necessary to extend very considerably the life 
testing installation originally built to accommodate 
tungsten filament lamps only. Additional racks of 
special design have been installed to facilitate the 
testing of discharge lamps; these are intended both 
for experimental lamps and also for routine samples 
of the manufactured product. 

The design of the racks is of a universal form 
which caters for the different types of lamp and forms 
of control gear. The regulated voltage from the 
motor-generator set supplies the primaries of the 
transformer, the tapped secondaries of which are 
connected to bus bars on the simple cordless distri- 
bution boards, situated at the bottom of the control 
panels. On the upper sections of these control 
panels are mounted the switches and fuses for 
the individual lamp sockets. Additional switches 
for each position are provided, to control filament 
heating where it is required, and to enable voltage 
tappings to be changed and the watts measured 
and accurately adjusted without switching out the 
lamps. At the back of these panels are shelves to 
accommodate the necessary running gear in the form 
of chokes, transformers, etc. Fig. 2 shows a small 
section of the lamp positions. These are so arranged 
that by means of interchangeable lamp holders, 
all types of lamps, caps and connections can be 
accommodated. The lamps can be operated cap 
up, cap down, or horizontally with any of the various 
forms of control gear. This includes magnetic 
deflectors used with certain types of horizontal 
burning lamps. In this case the deflector coil is 
held in a brass frame and can be adjusted on a 
pantograph arrangement, designed to operate at any 
required distance from the lamp and maintained 
parallel to it. This device can equally well be used 
inverted, so that the deflector coil can be above or 
below the lamp as required. Special overhead 
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frames are arranged horizontally to accommodate 
the double ended type of discharge floodlighting 
lamps. 

All wiring of the racks is carried out in enamelled 
copper wire mounted in metal ducts on insulated 
spacers. 


COLD CATHODE TUBES. 


The chief developments in connection with cold 
cathode tubes continue to centre around the use of 
luminescent powders applied to the inside walls of 
the tubes. The coatings thus formed are excited 
by means of ultra-violet radiation from the discharge, 
to give visible light of characteristic colour. In this 
way not only are new colours obtained, but in some 
cases considerably enhanced luminous efficiency. 
These tubes are of course designed to operate at 
relatively high voltages. 

Two important new colours developed at the 
laboratories—gold and pink—are now being used 
commercially. There is a fundamental difference 
between these colours and all others hitherto 
obtained by the fluorescent method. This lies in the 
use of pure neon instead of mercury for exciting the 
luminescence. 

The photometry of these tubes is naturally of the 
greatest importance and a simple photoelectric 
method of photometry has been devised to deal 
quickly with the large number of tubes on life test. 
This photometer is constantly checked by the 
visual method. 

The general study of the most suitable colour 
combinations for interior lighting has resulted in a 
range of combinations of these tubes which give 
a resultant light of colour suitable for general illum- 
ination under varying conditions. About six com- 
binations, utilizing pairs of red, green, blue, gold 
and pink colours, have been evolved. The standard 
8ft. 6in. units dissipate from 100 to 200 watts, and 
give overall efficiencies of 16 to 20 lumens/watt. 
The working voltages of the tubes vary from 800 
to 1,200 volts. 


TELEPHONE TRANSMISSION. 


The long distance telephone communication 
art is entering on a stage of almost revolutionary 
development because of the extensive application 
of carrier current methods to circuits in under- 
ground cables. Cable pairs carrying an audio 
channel and carrier channels are becoming common, 
systems with 12 channels are under construction and 
systems on special coaxial cables with 200 or more 
channels are projected. 

These developments have only become possible 
through the improvements in high gain valves and 
distortion free amplifiers, in particular those of the 
type known as negative feed back. A section of the 
laboratories has been actively engaged in the com- 
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bined valve and circuit research involved in perfecting 
this type of amplifier which the Telephone Works 
used successfully in a demonstration to the British 
G.P.O. of a 12 channel system early in the year. 
The amplifiers are now in course of manufacture. 

The use of carrier current transmission has 
brought with it the important problem of developing 
measuring apparatus, immediately for frequencies 
to 100,000 cycles per second, and prospectively for 
several millions cycles per second, which should be 
highly accurate, and at the same time robust and 
convenient for field use. In co-operation with 
Salford Instrument Works and Pirelli-General Cable 
Works, oscillators, bridge components, detectors and 
electrostatic and magnetic coupling meters have been 
developed. 


in cascade within a single envelope. But its practical 
utility dates from the discovery that the surfaces 
used as cathodes in “‘caesium’’ photoelectric cells 
are also excellent secondary emitters. Over magni- 
fication by gas-filling, secondary emission has the 
advantages of greater stability and freedom from 
time-lag; over valve amplification, the advantage 
of compactness and greater freedom from irregular 
noise. 

The Research Laboratories have been investi- 
gating actively the problems associated with second- 
ary emission, both in single and multiple stages and 
their applications to practical cells. 


G.E.C. HEAVY ALLOY. 
There has been a steady demand for the special 





Fig. 3.._Hams Hall Power Station, Birmingham, showing one of the two 62,500 kVA 
alternators recently installed. A third alternator of this size is now being built for 
the station. 


Another branch of the same subject has been 
the measurement and design of cables of multi-pair 
and coaxial type. An intensive programme of 
experiment and research on these items has been 
in progress in close co-operation with Pirelli-General 
Cable Works during the past year, and cables of 
special design are now being manufactured. 


PHOTOELECTRIC CELLS. 


In the study of photoelectric cells throughout 
the world, attention has latterly been directed to 
the possibility of increasing the effective sensitivity 
of cells by the use of secondary electron emission. 
The fundamental idea is not new, even in the form 
in which several stages of electron emission are used 


alloy developed at the Research Laboratories prim- 
arily for radium ‘“‘bombs’’’ used in radium therapy 
and a number made of G.E.C. “heavy alloy’’ are 
now in use in hospitals in England. 

During the year, however, interest in this alloy 
has been directed also to two important engineering 
applications. The first of these is for balancing 
engines, where the high density of the material 
renders it particularly useful. In this connection 
the material has already been successfully used for 
balancing the crank-shafts of racing motor cars. 

The second application is for arcing contacts for 
large oil circuit breakers. The material has been 
extensively used for this purpose by the Witton 








I—G.E.C. Journal, Vol. VII., No. 1, February 1936, p. 6. 
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Engineering Works where, during a test two 
G.E.C. heavy alloy contacts Iljins. by 3 
inch connected in series successfully ruptured 
130,000 amps at 6-3 kV per phase. Further refer- 
ence to the use of this alloy in connection with 
circuit breakers is made on page 13. In addition. 
to the valuable properties of the material from the 
electrical point of view, the process by which it is 
made renders it possible to mould contacts to the 
desired shape and thus avoid machining. 


OSRAM-G.E.C. ALLOYS FACTORY. 

The Metallurgical Department at the Research 
Laboratories is equipped with the necessary melting, 
rolling and wire drawing plant for research and 
development work on special metals and alloys. 


Fig. 4.—Four 115 kW, 210 volt air- 
cooled pumpless mercury arc recti- 
fiers, installed in the Strand Palace 
Hotel, London. 

For some years, however, this plant 

has been used more and more for 

production purposes with the result 
that research and development work 
was beginning to be handicapped. 

In order to ease this position it was 

decided to install at the Osram- 

G.E.C. Works at Wembley, a plant 

which could take over the production 

work and at the same time provide 
facilities within the organization for 
development work in this field on 

a larger scale than is now possible 

at the Research Laboratories. 

This plant—known as the Alloys 
Factory—is now complete and com- 
prises a 30 kW valve-operated high 
frequency furnace, a power hammer, 
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2-stand rod mill, 8in. by 12in. hot sheet mill and 
a 6in. by 12in. cold strip mill together with the 
necessary reheating and annealing furnaces. The 
furnace was designed and constructed by the 
Osram Engineering Staff in collaboration with the 
Research Laboratories. The various rolling mills, 
all of which are fitted with roller bearings, were 
made at the Fraser & Chalmers Engineering Works. 
GENERATING PLANT. 

Two 31,000 kVA turbo-alternators to run at 3,000 
r.p.m. are being wound for a stator voltage of 
20,500 volts in order to supply direct to the trans- 
mission line without the interposition of trans- 
formers. The stator windings are therefore designed 
to ensure high dielectric strength, low dielectric loss 

and absence of corona discharge. These 
m=Se turbo-alternator sets bring the total to be 
built for the Johannesburg Corporation Power 
Station up to seven and when installed the 
capacity of the turbo-alternators supplied 
will total 135,000 kVA. 

The number of turbo-alternators and 
other generators required for overseas service 
has shown marked increase. The sets are 
destined for every part of the world, including 
South Africa, India, Australia, Canada, 
South America, Palestine, West Indies, West 
Africa, Egypt, Iran and other countries. 

In many instances the contracts for 
generating plant have been received from 
undertakings in which earlier G.E.C. sets 
have been running satisfactorily for long 
periods. Thus, two 17,000 kVA 3,000 
r.p.m. turbo-alternators for the Palestine 
Electric Corporation represent the third and 





Fig. 5.—Four 1,500 kW 480/520 volt mercury arc rectifiers installed in 
Commercial Road substation of the Stepney (Metropolitan Borough) Electric 


Supply undertaking. 
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fourth turbo-alternators for that Company, while in 
addition, three vertical spindle alternators in connection 
with a hydro-electric scheme were built at Witton 
Works a few years ago. Another unit of 17,000 kVA 
is the fourth large set for the Adelaide Corporation 
power station. In the last issue of the G.E.C. 
Journal? a full description was published of the elec- 
trification of the Lun Chong Cotton Mill, Shanghai. 
A further 2,500 kVA turbo set is required being built 
for this mill in connection with an extension scheme. 
The demand for turbo-plant on sugar estates abroad 
affords evidence of the extent to which electrification 
is proceeding in the sugar industry. South Africa, 
South America and India are concerned in this 
development. 

Of turbo-generating plant for home service, a third 
alternator of 62,500 kVA output is under construction 
for the Hams Hall power station, Birmingham. One 
of these units is shown in fig. 3. A 10,000 kVA unit 
for one of the large collieries in Scotland is the fifth 
for this undertaking. Many geared back pressure sets 
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Fig. 6.—-Lightweight A.C. welding set suitable for 
light welding purposes. 


are being installed in factories where process steam 
is required, important economies thereby being 
effected. 

Equipment for a cinema studio includes two 
A.C./D.C. generators respectively of 500 kW and 
750 kW output, driven by synchronous motors. 
It is essential that the current supplied by these 
machines should not interfere with the production 
of the sound films; the generators are therefore 
designed so as to reduce the inherent ripple in the 
D.C. voltage to an absolute minimum. 


MERCURY ARC RECTIFIERS. 


The use of both the water-cooled and the pump- 
less air-cooled types of mercury rectifier has been 
extended. Many units are completed or in hand 
not only for public lighting and traction service, but 
also for industrial purposes including steelworks, 
paper mills, printing works, etc. Development in 
connection with the water-cooled type has been 
concentrated mainly upon grid control for purposes 


2—G.E.C. Journal, Vol. VII, No. 4, November 1936, p. 277. 





of voltage control and the inversion of D.C. into 
A.C. This latter process has an important field of 
application when it is desired to run regenerative 
locomotives on D.C, traction systems. 

Following the introducton of the 450 ampere 
pumpless air-cooled rectifier a 600 ampere unit 
has been developed. An installation comprising four of 
these units is shown in fig. 4. Although each rectifier 
can be housed in a cubicle covering a floor space of 
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Fig. 7._-Typical ‘‘Motorstar’’ unit, comprising a 
combined motor and starter available in capacities 
of from 1 to 10 h.p. 

4ft. by 4ft. 6ins. it is capable of giving its maximum 
continuous output at commercial voltages up to 
1,500 D.C. It will therefore be seen that it is only 
necessary to parallel two or at the most three such 
rectifiers in order to provide an equipment occupying 
relatively small floor space, and capable of giving large 
outputs with very high efficiency. When con- 
verters, transformers and other electrical machines 
are installed in parallel, the use of several smaller 
units of such apparatus results in the reduction of 
the efficiency of the equipment. On the other 
hand, air-cooled rectifiers in parallel under certain 
circumstances may give even an increased efficiency. 


ELECTRIC WELDING PLANT. 


The subject of electric welding was dealt with 
fully in a recent issue of this Journal.° For this 
reason the subject needs only brief reference in this 
article. A new lightweight welding set, fig. 6, has 
been introduced which is intended primarily for light 
welding purposes; it is suitable for welding 
stainless and other special steels. It should prove 
of great value in garages and small repair shops. 
The design embodies a short-rated air-cooled trans- 
former of small dimensions and weight. The welding 
current can be varied between 30 and 100 amperes 
and a striking voltage of approximately 85 volts will 


- 3—G.E.C. Journal, Vol. VII., No. 2, May 1936, p. 134. 
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Fig. 8.—825~ h.p., 6,600 volt, Synchronous motor with special 
3-phase starting winding. View taken during testing at Witton 
Works. 


be available so as to ensure steady welding 
conditions when working on thin material. The 
set will operate on 50-cycle single phase supplies 
of 200/250 and 400/500 volts. 


INDUSTRIAL MOTORS. 


Considerable interest attaches to a new unit 
styled the “ Motorstar,”’ fig. 7, which is a com- 
bination of motor and starter to form a single self- 
contained unit; the many advantages of such an 
arrangement will be readily appreciated. No external 
wiring is needed between motor and starter as this is 
done before the unit leaves the works; moreover, 
no framework or wall space has to be provided for 
the starter. Naturally, remote control can be 
arranged as for a starter which is separate from the 
motor. 

A new type of salient pole synchronous motor 
which has been introduced combines a good starting 
torque with high efficiency. It thus offers a marked 
advantage over the plain synchronous motor from 
the point of view of starting torque, and over the 
synchronous induction motor in regard to efficiency. 
In the new design of machine, instead of the usual 
squirrel cage winding in the pole face, use is made 
of a 3-phase winding, the ends of which are brought 
out to three sliprings, fig. 8. An ordinary rotor 
Starter is then used to start the motor and bring 
it up to speed. The machines are particularly 
suitable for driving compressors and several motors 
with outputs of up to 800 h.p. are in service. 

Small induction motors have been used for 
many years for driving drilling machines; the 
motors driving the drill spindle have to reverse up 
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to 30 times per minute. The system has 
now been extended with success to D.C. 
motors by the provision of additional 
reactance in the armature of the spindle 
motor. The control is as simple as when 
A.C. motors are used. 

A complete line of self-contained 
geared units is now available. The units 
consist of cowl-cooled induction motors 
connected by means of a flange to the 
reduction gear casing. High speed motors 
can thus be used when a low speed drive 
is required, with a consequent improve- 
ment in the power factor. 

Many large frame-cooled induction 
motors* with outputs up to 450 h.p. have 
been installed, principally for driving 
boiler-house plant in South Africa. They 
are totally enclosed and are provided with 
an internal fan which blows cool air 
through ducts in the frame. The design 
of a 450 h.p. motor running at a speed of 
3,000 r.p.m. for India presented some 
difficulty in design owing to the small 
diameter and high speed. This was overcome by 
supplying the external cooling air by means of a 
separate motor-driven fan mounted on top of the 
main motor. 





Fig. 9.—40 h.p. Flameproof squirrel cage motor, cowl- 
cooled type. 


The range of flameproof barrel type squirrel 
cage motors has been extended, and machines of the 
cowl-cooled pattern, fig. 9, with continuous ratings 
up to 80 h.p. 1,460 r.p.m. are available. These 
motors are covered by Buxton Certificate No. F.L.P. 
342 Group 1. Another machine which has been 
awarded a Buxton Certificate—No. F.L.P. 923 Group 
1—is a coal header motor which is designed for 
building into the coal header to form a self-con- 
tained unit. This motor has an hourly rating of 10 
h.p. at 2,900 r.p.m. and is arranged for starting by 
direct connection to the supply. 


4—GEC Journal, Vol. VII., No. 1, February 1936. p. 9. 
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INDUSTRIAL ELECTRIFICATION SCHEMES. 


Three industries in which electrification has made 
marked advances during the year are, iron and steel, 
collieries and mines, and papermaking. An out- 
standing scheme is that which includes several 
rolling mill equipments for Dorman Long & Co., Ltd.” 
The largest motor, namely that for driving the cogging 
mill is a D.C. reversing machine rated for a peak out- 
put of 20,000 h.p. (fig. 10). It is controlled by means 
of a Ward-Leonard set with a heavy flywheel, the 
induction motor being provided with a slip regulator. 
The mill motors are designed to 
reverse from full speed in one 
direction to full speed in the other 
in little more than 3 seconds. In 
order to protect the machines from 
the metallic dust, which cannot be 
avoided in a rolling mill, the whole 
of the electrical machinery is 
enclosed in a separate building 
which is ventilated with clean air 
by means of large motor-driven 
fans. In the merchant mill, a 
1,200 h.p. induction motor (fig. 11) 
and two D.C. motors respectively 
of 1,000 h.p. and 400 h.p. drive 
the roughing and finishing rolls. 
In addition, the installation includes fs 
a large number of auxiliary motors -'=—= 
driving the tilting-tables, etc. It is 
hoped to publish a complete descrip- 


5-G.E.C. Journal, Vol VII., No.1, February 1936, p. 10. 
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Fig. 10. 
prior to installation in the Cleveland Works, Middlesbrough, of Dorman 
Long & Co., Ltd. 
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20,000 h.p., D.C., cogging mill motor under test at Witton Works 


tion of the scheme in an early issue of this Journal. 

Another rolling mill installation which presents 
features of interest is that for the Ford Motor Works 
at Dagenham, Essex. The plant is intended for the 
production of rod and strip, and comprises an 18in. 
roughing mill and a 14in. finishing mill. The rough- 
ing mill is driven by an 800h.p. D.C. motor, supplied 
from a Ward-Leonard set which consists of a syn- 
chronous motor coupled toa D.C. generator. An 
interesting feature of the Ward-Leonard set is that it 
is adapted to feed the D.C. works supply in case of 




























Fig. 11.—-1,200 h.p., 11,000 v., 3-phase 
50 cycle Motor driving through gearing 
a roughing mill in the Cleveland 
Works, Middlesbrough, of Dorman 
Long & Co., Ltd. This is part of a 
comprehensive rolling mill electrifica- 
tion scheme. 


emergency. The finishing mill has 
five stands, of which the first three 
are driven by a 600 h.p. A.C. slipring 
pipe ventilated motor, while the final 
two are driven by a 300 h.p. motor 
of the same type. 

Of the large rolling mill equip- 
ments completed, those for Guest, 
Keen, Baldwins Iron and Steel Co. 
Ltd., of Cardiff, Firth Vickers Co. 
Ltd., of Sheffield, Colvilles Ltd. of 
Glasgow and James Booth & Co. 
Ltd. of Birmingham, should be 
mentioned, while smaller equip- 
ments of similar type have been sup- 
plied for lead rolling mills. A further 
evidence of the active state of iron 
and steelworks is shown by the 
demand for electric lifting magnets. 
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Several important winding equipments have been 
installed in collieries and mines. Notable among these 
is that supplied to Randfontein Mines, which embodies 
a new braking feature. Hitherto, the electric braking 
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Means have now been devised to apply quick Ward- 
Leonard braking in emergency, delaying the “‘suicide”’ 
connection until the winder has reached a low speed. 

Other hoisting equipments at present being 
manufactured include two winders 
for Spaarwater Mines and a large 
harbour crane for Singapore. The 
latter comprises a 200 h.p. A.C. 
equipment, embodying a_ special 
reverse current and _ induction 
generator braking system. 

The most prominent work 
being undertaken in connection 
with electrification in the paper 
industry relates to the sectional 
drive of paper making machines 
for two leading manufacturers. 

In both cases the “‘Witton”’ unit 
sectional electric drive for paper- 
making machines is being installed. 
This form of drive consists chiefly 
of a self-contained driving unit for 
each section of the paper machine, 
together with a very sensitive speed 
regulator. The driving motors 
are usually variable speed D.C. 


Fig. 12.—Squirrel cage motors driving sifters and mixers in the works of machines which are coupled to the 


E. Griffiths Hughes, Ltd., manufacturing chemists, Manchester. 
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Fig. 13.—600 h.p., 6,600 volt synchronous induction motor with rotor starter, 
installed in the Empire Flour Mills of Joseph Rank, Ltd., Victoria Docks. 


applied to a winder in emergency has presented certain 
difficulties. Electric braking possesses the valuable 
feature of being practically instantaneous in application 
as compared with mechanical braking, but the usual 
method of application renders it much too violent. 








paper machines through totally- 
enclosed reduction gears. 

The speeds of the sections are 
controlled by shunt regulators, each 
operated by an electrical differential, 
with anti-hunting device. By using 
the differential system the equip- 
ment controls the angular velocity 
of the roll with a high degree of 
accuracy. The regulator portion is 
mounted on a switch panel away 
from the paper machine. Rolling 
contacts are employed which enable 
a high degree of sensitivity to be 
obtained without sacrificing strength 
in construction. 

The electrical differential is, in 
effect, a small synchronous motor 
with windings on both stator and 
rotor. The rotor winding is 
supplied from a small alternator 
driven from the associated section 
motor, while the stator winding 
is energized from a small master 
alternator which supplies a standard 
frequency to all sections. Any difference in 
the angular velocities of master alternator and 
section motor (as compared at the differential) 
at once causes relative motion between stator 
and rotor, and corrects the motor speed by 
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actuating the shunt regulator. As the ratio of section 
speed to master frequency has to be adjustable (to 
provide the necessary “‘draw’’) each section alternator 
is driven through a speed-adjusting gear. 

Draw up to plus and minus 12 per cent can be 
obtained on each section, which usually more than 
covers the requirements of a very wide range of 
different papers, and yet leaves a margin for changing 
diameter of rolls due to buffing. 

The section motor control panels are of the 
remote operation type, and a combined control 
station is used for starting the section and ad- 
justing the draw. The control station is operated 
from the side of the paper machine. The station 
is also fitted with a patented draw indicator 
which is unaffected by temperature changes 
and shows the position of the draw 
regulating gear on a convenient scale 
in fractions of an inch or other units. 
An ammeter can also be mounted 
at this point. 

As a further refinement the 
speed of the whole drive may be 
controlled by a clock type speed 
regulator, which is a_ develop- 
ment of the G.E.C. patented fre- 
quency control apparatus.° Briefly 
this consists of a master clock which 
develops impulses fed through relays 
to one side of a speed controlling 
device, the other side being driven 
at a speed corresponding to the drive 
speed. The frequency matching 
device holds the speed of the master 
pilot set constant with a high degree 
of accuracy. This regulator is a 
completely self-contained unit, and 
holds the speed constant irrespective 
of variations in power supply, 
temperature changes and all load changes. 

This device is of great assistance to the paper- 
maker in producing a constant weight of paper in 
spite of the variations mentioned above, which are 
bound to occur from time to time. 

Comprehensive paper mill electrification schemes 
including generating plant and motors for driving 
a wide range of machinery have been in hand for 
two large mills, one in Scotland and the other in 
Essex. A 10,000 kVA turbo-alternator is being 
exported to a Canadian paper mill; this machine 
is to supply 60 cycle current and will run at a speed 
of 3,600 r.p.m. An Indian paper mill also is being 
supplied with a turbo set, and oil engine driven 
generators and a large number of motors with 
control gear are being manufactured for a pulp 


Fig. 14. 





6—Patent No. 408202. 
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mill installation in the West Indies. 

Electrification schemes have been carried out in 
almost every known industry both at home and 
overseas. In addition to the activity in steelworks, 
mines and collieries, and paper mills, industries 
making largely increased use of electricity include 
textile mills, flour mills and sugar mills. 


HIGH POWER SWITCHGEAR. 


Much valuable information and data have been 
obtained as a result of continuous research and 
testing in the High Power Testing Laboratory at 
Witton. Investigations have been made with a view 
to determining the effect of natural frequency, rates 
of rise of restriking voltage, etc. upon circuit breaker 
performance. Complete duty cycle tests have been 
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Remote control board for operating the 6,600 volt., 500,000 kVA 
metalclad switchgear at Wolverhampton. 


made upon various breakers up to a maximum 
capacity of 1,750,000 kVA at 11,000 volts. In these 
tests currents of 200,000 peak amperes have been 
made and broken. 

To ensure efficient operation over a cycle of tests 
under such conditions, arcing contacts having special 
characteristics are necessary. High power circuit 
breakers are fitted with arcing contacts tipped with 
G.E.C. “heavy alloy.”” This alloy, which has been 
referred to on page 7, was developed at the 
Research Laboratories and is capable of withstanding 
heavy currents without erosion and without any 
important alteration to the contact shape. 

The table on page 14 gives a list of some of 
the circuit breakers tested for commercial service. 

A range of compound and oil-filled metalclad 
gear has been developed with breaking capacities 
from 75,000 kVA to 250,000 kVA for voltages up 
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to 12,000. The design has been named “‘Subgear.”’ 
Fig. 15 shows three units of this class of gear in 
the service, isolated and withdrawn positions 
respectively. The principle of vertical isolation has 
been adopted in its construction as possessing great 
advantages from the point of view of space economy ; 
moreover, the arrangements for lowering the tank 
for inspection and adjustments enable this operation 


Circuit Breakers Tested for Commercial Service. 





RATING. 


Voltage Breaking Current Type of equipment. 
kV. 


= - | Amperes. 

11 <3 750,000 1,200 Indoor cellular gear. 
33 750,000 600 Indoor metalclad gear. 
110 1,000,000 600 Outdoor type. 

11 | $00,000 600 Indoor cellular type. 

1] 350,000 | 400 Indoor metalclad type. 
6.6/11 500,000 | 800 Indoor metalclad type. 
33 | 250,000 400 Outdoor type. 

11 75,000 300 Indoor metalclad type. 
33 ' 750,000 490 Outdoor type. 

11 1,000,000 3,000 Indoor metalclad type. 

11 1,500,000 2,000 Indoor metalclad type. 
6 6/11 750,000 1,200 Indoor metalclad type. 
3.3 150,000 300/ 1,600 Indoor cellular type. 
6.6 l 150,000 300 Indoor metalclad type. 


) 








to be performed in very few minutes. It is available 
in both single and double bus bar form. The circuit 
breakers are arranged for either direct hand or 
remote electrical control, or alternatively, for spring 
closing. Spring closing, as applied to manually- 


ee 


Fig. 15.—-Single bus bar metalclad ‘‘Subgear,’’ showing the oil 
circuit breakers in the service, isolation and withdrawn positions. 
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operated circuit breakers, is becoming more widely 
employed due to the fact that the operator is 
afforded complete safety when closing a_ breaker 
on to a short circuit. In addition, the provision 
of a battery or other source of electrical supply 
is unnecessary. The spring for closing the 
breaker is loaded by means of the operating 
handle, and is released by pressing a button mounted 
either on the unit itself or at a remote point. 


HIGH VOLTAGE OUTDOOR SWITCHGEAR. 


A large number of switching and transforming 
stations for 11,000 volts, 66,000 volts and 110,000 
volts have been supplied for installation overseas, 
in particular for the Government of Madras Mettur 
Hydro-electric Development, and the Public Works 
Department of New Zealand. The air-break 
switches for the New Zealand installation are of 
the triple pole horn break rotary type. 

In this country, extensions are being made to 
certain of the original 132,000 volt grid sub-stations. 
At the 132,000 volt Ocker Hill sub-station of the 
Central England scheme the possibility has existed 
of the short circuit capacity exceeding the present 
rating of the oil circuit breakers, namely, 1,500,000 
kVA. A three phase bank of outdoor oil-filled 
reactors has therefore been designed for the station. 
Further 33,000 volt equipments are being made 
in connection with extensions to the grid. 

Remote electrical operation has been applied 
to a number of 132,000 volt isolators at grid sub- 
stations both in the South-West and Central 
England schemes. This is effected by an operating 
box which incorporates an electric motor drive 
coupled to the existing link actuating rods. 

The range of ‘‘Quenchol” rewirable high 
tension liquid fuses has been extended to 
cover units for 88,000 and 110,000 volts 
with fusing currents respectively of 1 to 100 
amperes and 1 to 200 amperes. An inverted 
fuse mounting has been designed for 110,000 
volts, fig. 17. 


AUTOMATIC SUBSTATIONS. 


Considerable simplification has been effec- 
ted in the control circuits and layout of 
mercury rectifier equipments, and in particular 
the air-cooled rectifier equipment. Moreover, 
the control equipment is so arranged that 
there are fewer components, and this tends to 
greater ease of installation and maintenance. 
A standard rectifier cubicle has been designed 
to accommodate one rectifier cylinder together 
with the whole of the auxiliary apparatus for 
controlling the ignition and excitation circuits 
and also the cooling fan and its control 
apparatus. 
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HIGH SPEED CIRCUIT BREAKERS. 

The introduction of the 500 kW _ air-cooled 
mercury arc rectifier created a demand for a high 
speed breaker of the panel mounting type for the 
protection of the rectifier and also track feeder 





Fig. 16. 


circuits. Two designs are now in course of 
production, one suitable for a maximum load of 
800 amps. at 660 volts and the second for currents 
of 800/1500 amps. at the same pressure, and for all 
commercial loads at voltages of 660/1500. 

The breakers are designed for mounting on 
insulated horizontal bars and possess the feature 
that they will trip on overload with the current 
passing in either direction. The two tripping 
values, however, are not equal but are approximately 
in the ratio of 1.3 to 1.0. By suitably arranging 
the polarity of the breaker holding coil the larger 
value of tripping current may be made to apply 
to either forward or reverse load as may be required. 


HIGH SPEED RELAY. 


A high speed polarized relay, fig. 18, has been 
developed primarily for the rapid suppression of 
overloads and backfires in mercury arc rectifiers, by 
the energization of the rectifier grids. This relay is 
based upon the same principles that are employed 
in the G.E.C. high speed circuit breaker. Particular 
attention has been paid to rapidity of operation, 
with the result that an overall time of operation 
of 4 milli-seconds has been obtained. The 
relay is adapted for automatic reclosing or 
alternatively can be arranged to lock out after a 
single operation. 


Main 400 volt. multi-motor control board for a mechanized foundry. 


THERMIONIC VOLTAGE REGULATOR. 


A novel device, fig. 19, for the regulation of 
generator voltages has been developed, in which the 
speed of response and stability of operation of a high 
class vibrating regulator are obtained without the use 
of moving parts. As with the latter 
type, the principle of operation 1s 
the rapid cutting in and out of 
resistance in the exciter field 
circuit, the machine voltage being 
determined by the relation between 
the time during which the resist- 
ance is in circuit and the time it 
is short circuited. This action is 
effected by means of a gasfilled 
relay connected in the exciter field, 
and the duration of the periods 1s 
controlled by the voltage applied to 
the grid, which is derived from the 
generator terminals. The circuit 
includes a special discharge tube 
which absorbs most of the voltage 
so that the percentage change in 
the net voltage is much larger 
than the change in that of the 
generator. The scheme also includes 
an amplifying circuit using a high 
vacuum valve. As would be 
expected, a great advantage of the 
scheme is the negligible amount of 





Fig. 17.-110,000 volt. inverted fuse mounting for 
‘‘Quenchol’’ type rewirable liquid fuses. 


maintenance required, this being confined to the 
replacement of the valves at long intervals. 
STEEL SAMPLE TESTER. 


A compact testing cabinet has been developed 
for enabling very small samples of sheet steel to be 
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classified. These small samples are met with in 
connection with scrap derived from the production 
of larger stampings and are used for constructing small 
cores, such as those for small A.C. contactors and 
relays. In spite of special precautions observed 
in dealing with scrap metal there is always a possibil- 
ity of the various grades being mixed, and a con- 
venient apparatus was required which would be 
able to distinguish between them. 





Fig. 18._-High speed polarized relay. 


For the sizes of core in question, the largest 
size of sample that could be counted upon was only 
15 inches long by } inch wide, the usual thickness 
being No. 29 S.W.G. It was found that the differ- 
ence in permeability is not sufficiently critical to 
enable such samples to be distinguished and use 
was therefore made of their differing resistivities. 





Fig. 19._-Thermionic voltage regulator. 


The apparatus is a desk shaped cabinet having a 
moving coil ammeter and voltmeter on the sloping 
side and a pair of jaws at the top in which the speci- 
men is inserted. A current adjusted at exactly 
10 amperes is passed and by means of the two centre 
pointed contact screws attached to the jaws, the fall 
of potential is measured between two points lin. 
apart, and recorded by the milli-voltmeter. A small 
tablet attached to the cabinet gives the ranges of 
millivolts for each of the four main types of steel 
used for laminated magnets. 
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COLLIERY FLAMEPROOF SWITCHGEAR. 


The range of flameproof control apparatus has 
been extended by the addition of several important 
units. This gear is designed to comply in every 
respect with Home Office requirements, and each 
new development is submitted for the approval 
of the Buxton Testing Station. 

The flameproof drill and lighting panel, fig. 20, 
is for controlling drills and lighting circuits at the 
coal face. The unit is designed to line up with 
G.E.C. automatic gate end panels and is equipped 
with bushed plates which enable the units readily 
to be coupled. 

The equipment comprises a 1-2 kVA 3-phase, 
40/50 cycle transformer, a main isolating switch, 
two four pole contactors with incombustible arc 
chutes and thermal overload relays, together with 
protective relays and the necessary fuses. This 
apparatus is enclosed in a flameproof chamber 
which is mounted on skids. Tappings are provided 
on the transformer so that a secondary voltage of 
110 volts can be obtained with incoming supply 
voltages of 400 to 650 volts. 

Arrangements are made for supplying two 
circuits each of which can be used either for three 
phase drills or for single phase coal face lighting. 
When used for drills, either a 5-core cable or a 4-core 
double screen cable may be used, while for lighting 
service either 4-core cable or 2-core double screened 
cable is suitable. 

The flameproof direct-to-line starter, fig. 21, 
is designed for controlling small squirrel cage 
motors up to 7} h.p. for driving pumps and other 
apparatus at the coal face; it is suitable for use on 
circuits up to 650 volts. The equipment comprises 
a main isolating switch, a triple pole 80 ampere 
contactor fitted with incombustible arc chutes, and 
three overload relays with two-rate time lags. All 
these components are mounted on a panel enclosed 
in a fabricated steel case. 

Other flameproof control equipment which has 
been awarded Buxton Certificates includes a range 
of remote control switches. 


MACHINE TOOL SAFETY LIGHTING UNIT. 


With a view to increasing the safety of lamps for 
use with machine tools in factories a 12 volt ironclad 
unit, fig. 22, has been introduced. The unit contains 
a 50 watt 12 volt transformer which can be supplied 
for primary voltages of 100/115, 200/230, 230/250 
or 400/440 and is controlled by a double pole 
main switch-fuse. As the transformer primary 
current is very small the switch-fuse may be regarded 
as affording protection against short circuits. Overload 
protection is given by a single pole low voltage fuse. 


HOUSE SERVICE SWITCHGEAR. 


The increasing domestic load has created a 
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demand for switchgear of greater current capacity 
than hitherto. To meet this demand a range of 
“general purpose” ironclad switch fuses from 30 to 
150 amperes has been developed in both double and 
triple pole forms. 

Several new designs of cooker control switches 
have been produced. A feature of these switches 
is that the whole of the interior is mounted on a 
hinged chassis which can be swung forward to 
facilitate wiring. They can either be sunk into the 
wall or mounted on the surface as required. The 
switch handle operates a sliding semaphore indicating 
whether the switch is ‘‘on” or “off.”” A rewirable 
cartridge fuse, a double-pole sub-circuit switch and 
a plug and socket form part of the equipment. 


MERCURY RECTIFIER TRANSFORMERS. 


Many interesting features are embodied in 
transformers required for supplying mercury rect- 
fiers. Four transformers for this class of service 
are now being constructed each having a continuous 
rating of 2,000 kW (2,750 kVA) and being capable of 
overloads of 50 per cent for 1 hour and 200 per 
cent momentarily. 

Each unit is of the 3-phase core type construction 
arranged for air blast cooling, and steps down from 
10,750 volts 333 cycles to give the voltage necessary 
for the 2,000 kW 630 volt 12-anode rectifier. The 
secondary windings are connected double six phase 
for use with an interphase transformer. A low 
voltage six-phase diametric connected tertiary winding 
is provided for giving a forming supply, this winding 
being used normally for supplying fans, etc. 


TRANSFORMER OFF-LOAD TAPPING SWITCHES. 


Two transformer off-load tapping switches have 
been developed. They are styled respectively type 
T and type U. Type T is for use up to 11,000 
volts with a maximum current of 10 amperes, and 
type U is for 33,000 volt service with a maximum 
current of 50 amperes. While these switches differ 
in detail, in both of them the switch is enclosed in a 
bakelized paper tube mounted horizontally on the top 
of the transformer. This tube carries the fixed 
contacts. The moving contacts are secured to a 
bakelized paper tube which acts as the centrally 
rotating shaft. The type U switch is shown at fig. 23. 


CONCRETE REACTORS. 


Eighteen large single phase concrete type reactors, 
fig. 24, are under construction for the Hams Hall 
Power Station, Birmingham. They are suitable 
for installation on an 11,000 volt 3 phase 50 cycle 
system. The normal full load current is 2,000 amperes 
and the reactance per phase 7} per cent, thus giving 
a kVA of 2,850 per three phase bank. 

The reactors are of the “cast in’’ pattern, the 
conductors being wound in a metal former and the 


concrete arms cast solid on to the conductors. This 
construction ensures great mechanical strength and 
rigidity of the conductors, besides allowing ample 
ducts for cooling purposes. The reactors are fitted 
with a substantial concrete base and header and are 
mounted on porcelain insulators. 


FRACTIONAL HORSE POWER MOTORS. 


Considerable advances have been made in the 





Fig. 20._-Flameproof drill and lighting panel. 


development of capacitor motors, which possess 
many advantages over the split phase single phase 


motor. For example, the capacitor motor gives a 
higher starting torque with less current. Moreover, if 





Fig. 21.—Flameproof direct-to-line starter, with cover 
removed. 


a condenser is inserted in the circuit, this machine 

runs more quietly than other single phase motors. 
An improved design of switch operating mechan- 

ism for repulsion induction motors has been pro- 
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duced and the switch operation now is quicker and 
more definite. This results in the motor having 
longer life. 





Fig. 22.Ironclad switch-fuse with transformer for low 
voltage lighting service. 


SOUND MEASUREMENT AND ANALYSIS. 


The fact that the noise of running machines is 
now almost eliminated is due largely to a compre- 
hensive investigation of the problem of noise. 
Sound measuring and analysing apparatus has been 
installed in the Development Department at Witton, 
and measurements have been made on an extremely 
wide range of designs of motor. 





Fig. 23. 


MOTOR-DRIVEN HOUSEHOLD APPLIANCES. 


A new sewing machine motor has been added 
to the range. It is a universal machine suitable 
for use on D.C, or any frequency up to 60 cycles 
Over a range varying from 200 to 250 volts. Speed 
regulation is obtained by use of a pedal switch 
embodying series resistance. 

A new smaller type of household vacuum cleaner 
embodies many improvements. The machine is 
much lighter in weight than other patterns and the 
arrangements for fitting attachments are considerably 
simplified. A new design of soleplate reduces 
considerably the effort needed to move the cleaner 
Over a carpet. 


ELECTRIC FANS. 


Several new types of fan have been introduced 
and the design of many existing types has been 
improved. The 10-inch induction fan, in virtue 
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of the drive being by induction motor, is superior 
to the commutator type fan motor as it is entirely 
free from radio interference. A new type of oscillating 
gear on this fan is designed to give much longer 
service than the earlier type of gear employed. 

The 36-inch D.C. fan has been re-designed 
and is now fitted with special oil retaining bushes 
and a stronger shaft so that the machine is better 
suited for long periods of running without that 
degree of skilled supervision which is associated 
with the normal operation of ceiling fans. 

One of the new ceiling fans added to the range 
drives 48-inch blades at 250 r.p.m. This fan is fitted 
with ball bearings and is designed as a high efficiency 
unit for continuous operation in tropical conditions. 


ELECTRIC TRACTION. 


Multi-notch control equipments have been 
introduced for new rolling stock built for the 
London Passenger Transport Board (Railways). 
A train unit equipped with this gear is shown 
in figs. 25 and 26. The new stock is intended to give 
higher acceleration and higher speed. Each unit 
comprises two motor coaches permanently coupled 
together and provided with a driving position at each 
end. Four motors, each of 138 h.p., are installed in 
each unit with two duplicate sets of control gear. 
The control system employs series parallel control of 
each pair of motors with a high degree of field 
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Transformer off-load type U tapping switch suitable for systems up to 33,000 volts. 


control. The series resistance is operated by means 
of a cam group driven by a servo motor, which is 
used for both series, parallel and field control. 
Series parallel grouping, and the changeover of 
connections for field control are carried out by means 
of cam groups operated by air engines. Two electro- 
pneumatic main contactors, which also function as 
line switches, and one electro-pneumatic transition 
contactor are employed. The control is operated 
entirely from the 50 volt L.T. supply, provided for 
the coach lighting. A feature of the design is the 
mounting of all the control apparatus under the car. 

Six control equipments and some 400 motors are 
in hand for the Hammersmith and City and Metro- 
politan Railway Sections of the London Passenger 
Transport Board. 

A large number of trolley bus equipments were 
completed during the year for the London Passenger 
Transport Board, Reading Corporation, South Lan- 
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cashire Transport Co., Ltd., Birmingham Corporation, tramcar equipment has been designed. Research 
Teeside and Hobart (Tasmania). Some reference work on contactor tip wear has led to a modified 
should be made to those for Reading Corporation (fig. form of contactor. 


27) and the South Lancashire Trans- 
port Board. The trolley buses sup- 
plied to both these undertakings are 
provided with a two-pedal system of 
control in which the usual control 
of motoring on the forward move- 
ment of the pedal and regenerative 
braking on the backward movement 
of the same pedal is employed, 
while the other pedal gives progres- 
sively regenerative braking, rheostatic 
braking and, finally, mechanical power 
braking. The system is extremely 
simple to operate and gives a 
maximum regeneration without un- 
due complication. 

Over 700 motors are being 
provided for Liverpool Corpor- 
ation Tramways. This is_ the 
largest order for tramway motors 
which has ever been placed in 
England. 

As a result of development work, 
an electro-pneumatic remote control Fig. 25. 











Train unit for the London Passenger Transport Board (Railways) 
equipped with multi-notch control. 


MARINE ELECTRIFICATION. 


A large amount of plant and apparatus has been 
manufactured in connection with the electrification 
of new ships constructed for various owners. This in- 
cludes electrical equipment for the “Melbourne Star”’ 
and the “Brisbane Star.’’ These two vessels belong to 
the Blue Star line and are two of eight similar vessels 
which are among the largest refrigerated cargo ships 
afloat. The plant manufactured for all eight vessels 
comprises main generators, main and auxiliary switch- 
boards, motors and control gear for engine room 
auxiliaries and refrigerating machinery. The motors 
are controlled by the G.E.C. plural starting system 
in which some new features have been introduced. 
In this system a single starter is employed to 
control a group of motors. As originally designed, 
the starter and its resistances were made larye 
enough to deal with the simultaneous starting 
of the two largest machines in the. installation. 
Such simultaneous starting would result if two 

2 Starting buttons were depressed at exactly the 
“hag = same instant—a remote possibility, but one 
a : which had to be recognized. To interlock against 
’ | this contingency formerly, a large number of 
| - auxiliary contacts were placed in series. Recently, 
| however, the scheme has been re-arranged so 
as to introduce this interlocking feature by the use 


' n ible 
Fig. 24. A single phase 11,000 volt, 2,000 ampere reactor of ‘ single relay. It has thus bee anes le to 
for Hams Hall Power Station, Birmingham. increase the capacity of the starter, which no longer 
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has to deal with two large machines simultaneously. 

The Diesel-electric propulsion equipment for 
the “Sir Montagu,” a tug which operates on 
the Thames for the Erith and Dartford Lighterage 
Co., Ltd. was recently described in the G.E.C. 
Journal.’ This tug has now been in _ service 
for several months. 
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in view the problem of developing a method for 
the operation of lift doors which should be wholly 
electrical has been the subject of wide investigation. 
The modern trend is to use fire-proof doors, 
which may weigh up to 250 lbs. and the car and 
landing door must each be opened every time a 
lift calls at a floor. In a departmental store this 
may amount to 2,000 times in a 
10-hour day. Obviously, this would 
involve the expenditure of more 
energy than could be expected of 
an attendant. Power - operated 
doors thus become essential, and 
by far the greater number of power 
doors on lifts in England to-day 
are pneumatically operated. 
Pneumatic doors suffer from the 
great disadvantage of cost of air 
compressors and automatic starters 
and auxiliary gear, to which must 
be added maintenance costs; more- 
over, there must be a measure 
of electrical control because the 
opening and closing of the doors 
must be interlocked with the 
stopping and starting of the lift. On 
the other hand, a great advantage of 
pneumatic operation lies in the fact 


Fig. 26.—Driver’s cab in the train unit shown in fig. 25. that the doors can be reversed 


A total of 40 winch motors and control gear have 
been manufactured for the ‘‘Essex’’ and the “‘Sussex,’’ 
two new vessels owned by the New Zealand Shipping 
Co., Ltd. These motors range from 20 to 60 h.p. 
in capacity, and are controlled by means 
of contactors operated on the series lock- 
out principle. Each motor is protected 
by a stalling relay, while a series diverter 
relay is also fitted to enable the motor 
to attain a high light-hook speed. 

All motors and contactor panels 
together with their drum controllers are 
installed in deck houses, affording pro- 
tection to the equipment and to the 
operators. 


ELECTRICALLY-OPERATED LIFT DOORS. 


Every effort is made to lessen the 
number of lifts needed in a given 
building with a view to saving space, 
and with the increased speeds commonly 
used—up to 500 feet/min. or more—the 
time taken at a floor level becomes a 
greater proportion of the time the lift 
is in service. Therefore it is important 
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that the time at any floor level should —— 
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be reduced toa minimum. With this aim 


7—G.E.C. Journal, Vol. VII., No. 4, November, 1936,p. 262. 
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quickly, and if an obstruction be 
encountered they stop until the obstruction is 
removed, without damage to the mechanism. This 
feature is used to decelerate the doors by means 
of an oil dashpot, operative at the extremes of travel, 
and thus quiet operation is ensured. 
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Fig. 27.—-Leyland-G.E.C. trolley bus for Reading Corporation 
Tramways. 
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In designing the wholly electrical door, fig. 29, it 
was therefore decided to endeavour to incorporate this 
advantage of pneumatic operation. It was found 
impossible, however, frequently to reverse a door 
operator motor and at the same time protect it when 
stalled at full voltage, a condition that could and 
does occur. But it was intended, if possible, to 
retain an oil dashpot for deceleration as this had 
proved to be the best means of absorbing the kinetic 
energy of the doors. This was tantamount to 
stalling the motor with line voltage on its terminals 
every time the doors opened or closed. For this 
reason a small Ward-Leonard motor-generator is used. 
The output of the generator, which is at a pressure of 
45 volts (the usual control voltage used on lifts) 
goes direct to the various door motors through a floor 
selector switch operated by the position of the car, 
all reversing, etc. being done on the shunt field of the 
generator only. The inherent time of shunt build-up 
prevents severe surges on the line, and minimizes 
damage to the door motors and mechanisms and 
inconvenience due to fuses blowing. 

The coupling between the generator and motor 
on the Ward-Leonard set is designed to slip and 
thus limit the output of the generator. Thus, when 
the door motor encounters the resistance of the oil 
dashpot, it is slowed up, putting more load on the 
generator which loses output voltage and thus the 
motor current automatically is kept more or less 
constant, whilst it is smoothly decelerated to a 
standstill without undue heating of the electrical 
apparatus. 

The slipping clutch is an eddy current device ; 
the fast revolving half takes the form of a steel 
annulus lined with a copper ring, and is fixed to the 
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Fig. 28.—One of the two 220 volt, 20 panel switchboards for the vessels 
‘*Essex’’ and ‘‘Sussex’’ of the New Zealand Shipping Co., Ltd. 
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Ward-Leonard motor. The slow revolving half is 
fixed to the generator and has four magnetic poles 
arranged so that the revolving of the copper ring 
in their vicinity causes eddy currents in the ring 





Fig. 29. —Electrically-operated lift doors. 


which in turn cause the poles to revolve. The 
magnetic strength of the poles can be varied by 
means of resistance in series with their coils to give 
the required output from the generator which will 
operate doors at the most suitable speed. 

The door opening mechanism 
itself consists of a 45 degree helix 
angle threaded spindle directly driven 
by the door motor at a speed of 400 
rp.m. The object of the high helix 
is to enable the doors to be opened 
manually in case of an emergency. 
Engaging with the thread is a white 
metal lined nut which is fixed to one 
of the door hangers. The screw and 
nut are oil-immersed in a trough which 
is above the door and in line with the 
motor as shown in fig. 29. This 
el particular illustration shows a two- 
speed, one-way door. One panel is 
operated directly by the screw and 
the other panel is linked to the first 
door by levers so that both arrive at 
the full open position simultaneously. 

Other arrangements consist of 
three-speed one-way doors in which 
three doors all arrive at the full 


’ 
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Open position simultaneously, two-way single, and 
two-way two-speed doors in which the doors move 
left and right from the centre. For this type the 
screw is threaded left and right hand. Before the 
doors reach the end of their travel they switch on a 
time delayed switch which disconnects the door 
motor after the doors have completed their travel. 
The locking and unlocking of lift doors are 
important factors in the design of any door operator. 
The screw type of operator, however, lends itself 
to very easy locking, as all that is necessary is to 
fix a ratchet wheel in any convenient position on the 
screw and introduce a pawl to prevent the rotation. 
In the present design the pawl is operated by a 
solenoid which is excited when the car reaches floor 
level, and the lift controller is in the off position. 
































Fig. 30.—- Experimental turbine in the 
Turbine Research Laboratory of Fraser 
& Chalmers Engineering Works. 





The pawl is withdrawn, simul. 
taneously unlocking the door and 
switching on the door motor to the 
open position. So long as the 
door is open a control starting 
switch is mechanically held ‘‘open”’ 
so that the lift cannot be started. 
When a call is initiated the doors 
close, the lock solenoid releases and 
the door is locked; and until then 
the lift control is not excited, thus 
ensuring that the door is locked 
before the lift can start. The device 
that selects which landing lock and 
motor is to be operated is unique 
in lift practice, in that no physical 
contact occurs between the car and 
landing, thus minimum wear and 
tear together with silence is attained. 
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A solenoid mounted on the car is excited only 
when the car is opposite or approaching the landing 
at which it is to stop. At an appropriate position 
at each landing is a pair of contacts operated by a 
delicately poised ferrous vane which is attracted 
towards the excited solenoid on the car when they 
coincide, and thus a circuit to the correct lock and 
operator is established. 

Although for convenience of description the 
word “‘door’’ has been used in the foregoing para- 
graphs, the operators are equally suitable for use 
with gates. 


TURBINES. 


The work of the Turbine Research Laboratory at 
Erith has been further extended. The equipment 
of the laboratory hitherto has included a 
nozzle tester, apparatus for research in 
wheel and blade vibration, aerodynamic 
plant for the study of flow in turbine 
blades, and a _ turbo-blower. Now an 
experimental turbine has been added, fig. 30. 
It is designed to obtain greater accuracy of 
measurement and greater range of possible 
adjustment. Until recently a turbine 
similar to an ordinary turbine has been 
used for experimental purposes but it 
was felt that small inaccuracies crept in 
when separating the various factors influ- 
encing efficiency. 

In the new’ experimental turbine, 
gland leakages are completely eliminated, 
bearing losses actually measured and 
pressures and temperatures at many points 
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Fig. 31. Six 650 h.p. Fraser & Chalmers turbo-blowers installed at Mogden 
for the Middlesex County Council. Each blower runs at 3,030 r.p.m., and 
delivers 15,000 cu. ft. of air per min. against a pressure of 5/9 lbs. per sq. in. 
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accurately ascertained. The steam quantity 
admitted to this turbine is metered by 
means of a carefully calibrated nozzle 
which is checked in turn by calibrated 
tanks measuring the condensate. The 
turbine is coupled to a specially designed 
high speed water brake which is capable 
of a wide range of outputs and speeds. 
Wind tunnel experiments on two dimen- 
sional flow have pointed the way to an 
expansion of the research, and three 
dimensional flow is being studied. 
Reference was made earlier in this 
article (p. 8) to new turbo-alternators for 
Johannesburg. The turbine of each set 
is a single casing unit giving a makxi- 
mum continuous output of 25,000 kW 
with steam pressure of 350 lbs. per sq. inch 
and a steam temperature of 650 degrees. It 





Fig. 32. Detail of bunker vibrator. 


is believed to be the most powerful 3,000 r.p.m. 
single casing turbine built in this country. The 
leaving area of the last stage (the chief character- 
istic of capacity) is no less than 33 square feet. 

For back pressure and pass out turbines improved 
governing has been developed, by means of which 
the control valves of both the high pressure part 
and the low pressure part are moved simultaneously 
to the correct position required for any load and any 
passout steam quantity. 

The recently developed design of blower im- 
pellers for high peripheral speed has proved itself 
entirely satisfactory in actual service, a notable 
example being a 4-stage single flow turbo-blower 





Fig. 33.—-Electro-magnetically operated vibrating conveyor 


working direct from an A.C. supply. 


with an intake of 50,000 cu. ft. per min. of free air 
which is compressed to a pressure of 20 lbs. per 
sq. inch. 

Several turbo-blowers for aeration of sludge 
and equipped with a = special anti-pumping 
device have been in successful operation for some 
time. This device is a simple adjustable bypass 
connection across the non-return valve in the 
delivery main. Should a blower reach the pumping 
limit the non-return valve shuts and so isolates it 
from the delivery main, but a small quantity of air 
flows back through the by-pass from the main into 
the delivery of the blower and this ensures quiet 
running of the blower without any delivery. 


MINING PLANT. 


An electro-magnetically operated vibrating con- 
veyor or feeder (fig. 33) has been developed for 
working direct from A.C. supply in the same 
manner as the Sherwen A.C. screen. The vibrating 
mechanism consists of two former wound coils with 
stationary laminated cores connected in series with a 
half-wave metal rectifier which gives the necessary 
pulsating current at the supply frequency. At each 
pulsation the moving armature which is connected 
to the conveyor is drawn forward and during the 
interval the vibrator springs accomplish the return 
stroke. 

A rheostat which is also connected in the circuit 
controls the amplitude and thus the speed at which 
the material travels along the conveyor. In this way, 
it is possible instantaneously to vary the tonnage 
delivered by the conveyor from 0 to the maximum 
tonnage for which the conveyor is designed, and this 
may be as much as 600 tons per hour. The material 
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can be made to travel up hill at an angle of 7 degrees 
and wet or dry material up to 15 ins. in size can be 
handled. There are no bearings or cams to wear 
out and no parts to grease or oil. 

This new conveyor has been found in practice 
to give an ideal continuous flow of material to 
crushers, thus increasing the output and quality 
of the products. 

Another interesting development in the same 
category is a small portable vibrator, fig. 32, for 
attaching to bunkers, chutes, etc., where the material 
is sticky or damp and will not flow. This unit does 
away with the expensive and damaging process of 
hammering the bunkers or chute to loosen the 
material. The principle of operation is the same as 
on the Sherwen screen and conveyor. 


COAL WASHING. 


Before this year the largest coal washed com- 
mercially in this country was of 6 inch size and it is 
believed that this was being accomplished only by 
Chance washers. Fraser & Chalmers Engineering 
Works has now installed a Chance washer dealing with 
coal up to 10 inches in size with very successful results. 
In this case the whole of the pit output is washed 
as the very small percentage of coal above this size 
is broken and sent to the washery. 

This ability to wash large coal has enabled an 
order to be secured from Czecho-Slovakia for a 
large Chance washer to deal with coal up to 200 mm. 
(7-88ins.) in size. This contract was obtained 


against severe competition from continental 
firms. 





Fig. 34.--Union House of Assembly, Houses of Parliament, Cape Town, 
illuminated by reflectors installed above the large central laylight and by 


ceiling cove lighting. 
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DECORATIVE LIGHTING. 


The general trend in decorative lighting has 
shown no appreciable variation from the influences 
which were noticeable a year ago. Decorative 
fittings combining illumination efficiency with good 
appearance are increasing in popularity and the 
tendency towards the use of large units of relatively 
low surface brightness is gaining ground. 

Architectural lamps are finding more and more 
use in modern decorative lighting schemes and a 
wide range of attractive fittings has been designed 
to employ these light sources. 

While modern treatment continues to be popular, 
there has been a noticeable increase in the demand 
for period fittings, and fittings have been introduced 
which employ modern lighting technique and 
materials, but are fashioned to harmonize with 
period decorations. 

Many prominent decorative lighting schemes 
have been completed both at home and overseas, the 
best example being the illumination of the most of 
the public rooms in the R.M.S. Queen Mary.” 

The outstanding development in decorative 
illumination has been the perfection of the various 
forms of interior neon lighting. During recent 
months the potentialities of this type of light source 
for interior illumination have been more fully 
explored and a number of interesting and successful 
installations have been completed. “ Cleora”’ 
fluorescent tubes are mainly employed fer this 
form of lighting. These tubes are manufactured 
by Claude-General Neon Lights, Ltd., an enterprise 
associated with the G.E.C., under their patents 
which cover the use of fluorescent 
powder coatings on the inside of 
tubes. In co-operation with the 
Research Laboratories certain 
special coatings have been dis- 
covered which not only give 
extremely pleasing colour results 
but are also remarkable for their 
high efficiency, thereby making 
‘tthe use of such light sources an 
economical proposition in com- 
parison with tungsten lighting. 

In the case of neon discharge 
tubes, it has become possible to 
m obtain high efficiency in combin- 
ation with a basic warm colour 
of light such as is desirable for 
interior illumination. 

Showrooms have been com- 
pleted at Magnet House, Kingsway, 
where various applications of 
this lighting are demonstrated, 
including indirect lighting on a 
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Fig. 35. Lighting fittings in a modern flat in 
Johannesburg. 


3-colour dimmer system, visible tube lighting 
and various combinations of the tubes with glassware 
in the form of laylights, luminous cornices, etc. 
Installations completed include the ball room of 
the Star Hotel at Maidstone, arcade lighting at 
the new premises of Lewis’s, Ltd. at Leicester, 
and visible tube lighting in the tailoring 
department of Austin Reed, Ltd. in Regent 
Street, London. The new showrooms at Magnet 
House, fig. 39, also include a display of fittings 
designed for use with architectural lamps and other 
modern lighting features. 


SHOP LIGHTING. 


The most important development in shop lighting 
is the introduction of a range of Gecoray reflectors 
embodying a new flute design. The research which 
led to the discovery of this method of fluting” 
was only introduced into reflectors designed for 
special applications. Experience has proved, how- 
ever, that the reduction of interior reflection and 
the greater concentration that can be obtained 
without losing the degree of diffusion which is 
necessary to prevent striation, has resulted in con- 
siderable overall improvement in efficiency and light 
control and the new fluting has therefore been 
adopted for all general purpose shop window lighting 
reflectors of the Gecoray range up to 200 watt 
rating. 

New designs of enclosed glass diffusing units 
have been made available. A patent gallery has 
been perfected, the feature of which is a screw 
canopy in combination with special spider sus- 
pension holding the globe. This is so arranged 
that when the gallery is installed or removed the 
canopy can be left suspended away from the spider, 


9—G.F.C. Journal, Vol. VI., No. 1, February, 1935. p. 29. 


allowing both hands to be free for hand- 
ling the globe. Equally, when the globe 
is in position, both hands are free for 
adjusting the canopy. 

A unit for shop lighting takes the 
form of a_ small portable “Claudgen” 
daylight unit utilizing the carbon dioxide 
discharge. It is designed for colour 
matching work in shops and stores. 


FLOODLIGHTING. 

New floodlighting units include a small 
edition of the “Osira’’ colour floodlighting 
unit which has proved so popular since 
it was first introduced three years ago. 
This unit, which is generally of similar 
design to the existing range of ‘Osira’’ 
colour floods, is made to take a 150 watt red 
lamp or 100 watt green or blue lamp. 
The necessary gear has been simplified by 
the elimination of the Tesla coil. 

While there have not been so many spectacular 
floodlighting schemes carried out during 1936 as 
there were in the previous year on account of the 
Silver Jubilee, floodlighting generally, and in 
particular colour floodlighting would appear to be 
growing in popularity. Sodium  floodlighting, 
either alone or in combination with tungsten or 
other colours of “Osira’’ floodlighting, has been 
successfully employed, while several installations 
have been equipped with high pressure mercury 
floodlights. 


The introduction of special units designed to 





Fig. 36._-Two colour triple tube lighting of a 
Corporation electrical showroom. 
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Fig. 37.—Laylight units in the new 
building of D. H. Evans & Co., Ltd., 
Oxford Street, London. 


take horizontal burning line filament 
lamps and installed on the Iraq Pipe 
Line'® proved so successful that the 
total number of floods now employed 
has risen to over 400. Equally, the 
early anticipations of this type of 
light for underwater lighting of 
swimming baths have been confirmed, 
the outstanding installation being that 
of the Portobello Baths, Edinburgh, 
fig. 43, the largest open-air bath in 
this country. 


INDUSTRIAL LIGHTING. 


In industrial lighting practically 
all the main achievements are in the 
field of applying “‘Osira’’ high pressure 
mercury lamps to the lighting of 
industry''. Their advantages have 
been borne out during the past year 
and the range of processes for which high pressure 
electric discharge lighting has proved particularly 
effective grows daily. Over 10,000 “Osira’’ points 
varying from 400 watts down to 150 watts in rating 
are now employed in industriai installations, some of 
the more important installations being in aeroplane 
factories, motor car factories, ironworks, hosiery 
factories and engineering shops in general. 


10—G.E.C. Journal, Vol. VII., No. 1, February 1936, p. 27. 
11—G.E.C. Journal, Vol. VI., No. 4, November 1925, p. 235. 
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CLEORA FLUORESCENT TUBES. 


The Cleora fluorescent tubes referred to above 
in connection with interior illumination have mater- 
ially influenced developments in neon signs. Several 
brilliant and effective tubes, which are patented, 
have been produced for sign work, the most 
notable being the Cleora No. 22 Green and No. 
23 Blue employing an argon-neon-mercury mixture, 
and Cleora No. 103 amber and No. 102 pink 
employing a neon discharge. All these tubes are 
remarkable for their happy combination of richness 
and efficiency. 

These improvements offer increased scope for the 
economical application of Cleora fluorescent tubes 
to canopy lighting for cinemas, theatres, shops, 
restaurants, hotels and the like. Various tube 
combinations can be used to give a white light on 
the pavement, with decorative colour effects on the 
underside of a canopy. The efficiencies of these 
combinations range as high as 20 lumens per watt, 
and the resultant light is of a gratifying character. 
The effect of this type of illumination is well illus- 
trated by the installation for the Cameo Theatre, 





Fig. 38.—A combination of fluorescent tube in three colours is employed to 
bring out the colour and texture of cloth in the tailoring department of 
Austin Reed & Co., Ltd., Regent Street, London. 


Charing Cross Road, London, W.C., which offers 
also a prominent example of the use of fluorescent 
tubes in modern signwork. 

A similar application of these tubes is to the 
colour floodlighting of the facades of buildings. A 
good example of this is provided by the installation 
for Simpson’s ‘‘Manshop,”’ Piccadilly, London, W., 
fig. 46. In this case the tubes are concealed in 
horizontal and vertical coves, and by _ suitable 
switching seven colour changes are made possible. 
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The result is a dignified emphasis of the facade. 

Fluorescent tubes are exerting considerable in- 
fluence on sign practice generally, and the tendency 
in modern installations is towards a departure from 
red, blue and green colours obtained by neon gas 
discharge in clear tubing and argon-neon-mercury 
discharge in clear or uranium tubing. In addition 
better class backgrounds, stainless steel letters, and 
other such material is now in demand. Of the many 
prominent Claudgen installations completed in 1936 
the outstanding sign for size is that at Ford’s Motor 
Works, Dagenham, fig. 47. This sign is 60ft. high 
and 170ft. long; the sign itself weighs 17 tons and 
and the supporting structure 31 tons. 


AERODROME LIGHTING. 


Among the important aerodromes in this 
country equipped during the year with special 
lighting units are those at Leeds, Leicester 
and Jersey, while overseas aerodromes have 
been equipped at Hong Kong, Salisbury 
(Rhodesia) and Singapore. 

At Salisbury Aerodrome four 9 kW 9-lamp 
aerodrome landing floodlights are installed 
which are capable of being rotated by remote 
electrical control from the control tower. The 
floodlight units are each rotated by a 3 h.p. 
motor which is coupled to the floodlight 
through gearing and drives it at a speed of 
2r.p.m. This slow speed is necessary so that 
the unit may be rotated through an angle of a 
few degrees. Limit switches are provided at 
each end of the 180° travel of each floodlight. 
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Fig. 39. One of the showrooms at the Head Office of the G.E.C. 
at Magnet House, Kingsway, London. 





Another addition to the range of aerodrome 
lighting equipment is the 24in. diameter rotating 
route beacon. This is a searchlight type of beacon 
employing a 24in. optically-worked parabolic reflector 
throwing a narrow angle beam just over the horizontal 
plane and an auxiliary beam up to 25 above 
the horizon. In addition, the beacon is mounted 


on trunnions so that the angle of the beam 
can be adjusted to suit local conditions. It is 
driven by a { h.p. motor and the light source 
is a 1,500 watt Class A.l. Osram projector lamp 
fitted with a pre-focus cap, so that lamp replace- 
ments can be effected without the need for re- 
focussing the optical system. A standby lamp is also 























Fig. 40.—Lighting fittings installed 
in a train in South Africa. 


provided which automatically comes 
into operation in the event of the 
service lamp failing while the beacon 
is alight, and at the same time a 
warning bell and lamp are actuated 
alongside the beacon to indicate to 
the maintenance staff that a lamp 
has failed. Six of these beacons 
are being manufactured for the 
Australian Government. 

For Singapore and Jersey Aero- 
dromes, 6 kW 6-lamp aerodrome 
landing floodlights are being in- 
stalled. These floodlights are fitted 
with weatherproof housings, suffici- 
ently large to allow an operator to 
enter and carry out maintenance 
work. The floodlights are similar 
to those at Croydon but the 
provision of the housings avoids 
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the need tor heat resisting and removable front 
glasses. The housings are built up of moulded 
sections of an asbestos material, bolted together 
and sealed between the joints with a special 
cement. They are cylindrical in shape and are 
covered by a conical roof on which is mounted an 
obstruction light. In the case of the units for 
Singapore, where tropical heat is experienced, 
exhaust fans are fitted to assist ventilation. 


STREET LIGHTING. 


Improved visibility in streets after dark has been 
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Fig. 42—Floodlighting at the new Southern Railway 
Granary at Nine Elms. 





Fig. 41.—Floodlighting of Cheltenham College. 
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produced chiefly ‘by the extended use of 
mercury vapour discharge lamps and 
metal filament lamps. Several towns and 
boroughs have decided to equip either all 
the streets or at least all the main roads 
under their control with a completely 
new and up to date installation. In many 
cases, these large scale improvements have 
involved the replacement of old gas 
lighting equipment. “Qsira’’ discharge 
lamps are most frequently used, both in 
the centre and on the outskirts of towns 
where an A.C. supply is available, while 
metal filament lamps have been employed 
where there is only a D.C. supply available 
and in side roads where the 250 watt 
discharge lamp has been considered too 
powerful. 

The 150 watt “Osira’’ lamp has been 
made available for general use and it seems 
probable that smaller wattage mercury 
vapour discharge lamps will soon come 
into use for street lighting. 

The principles of design which were applied to 
street lighting units for 400 watt and 250 watt discharge 
lamps have been used in the development of units 
for the new 150 watt lamps and the new small di- 
fractor unit which has been developed is a miniature 
of the large unit. The special optical system of 
prisms and flutes which reduces the apparent bright- 
ness of the refractor has been incorporated and, as 
in the large di-fractor, the refractor is made of heat- 
resisting glass. 

Developments have not been confined to discharge 
lamp fittings however, since the 150 watt di-fractor 
lantern just described, and also the large di-fractor 
lantern, can easily be converted into a new type of unit 
known as the “‘Oxford”’ lantern for tungsten filament 
lamps, fig. 49. In these new units, the outer pressed 
glass of the di-fractor lantern is used for the lateral 
concentration of the light and an internal sym- 
metrical dome refractor for the concentration in 
vertical planes. In optical effect, the internal 
refractor elongates the filament so that the outer 
bowl refractor is then able to operate in a manner 
similar to that which it does when the ‘“Osira’’ light 
source is used. 

The form of the light distribution is such as to 
produce the effective brightness distribution in the 
roadway which is obtained with discharge units. It 
will be clear that these Oxford lanterns have particular 
application to D.C. installations. If at any time the 
supply changes to A.C. the lanterns can be made 
suitable for ‘‘Osira’’ lamps by removing the inner 
dome refractor and the installation is thus converted 
without changing the fittings. 

The Departmental Committee on street lighting 
appointed by the Ministry of Transport has not yet 
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issued another report, but it is 
interesting to record that the re- 
commendations contained in their 
interim report are being put into 
practice in most new installations 
on traffic routes. 

Work on the reflectivity of road 
surfaces has been continued, using 
the technique already developed. 
The method of photographic photo- 
metry has been improved and a 
new densitometer made.'~ A theory 
of the reflective action of road 
surfaces has been developed which 
is being used in interpreting the 
experimental data. Complete and 
reliable data have been obtained for 
two surfaces. The effects of wear 
and of day to day variations of road 
surfaces are being investigated. The 
problems of visibility in streets are 
being studied and are now more 


fully understood, and the results Fig. 43. 


are being applied to the design of 
equipment and installations. 


CINEMA STUDIO LIGHTING. 


New film studio lighting units have been 
produced, fig.51. These are5 kW and 2 kW lens type 
projectors or “‘illuminators”’ for front or back lighting 
purposes. The object of these units is to provide 
a powerful “‘spot’’ as well as a powerful flood. 
Between the limits of these two very different functions 
it is required to give various sizes of spread with even 
illumination. 

The beam from previous forms 
of spotlight set for wide divergence 
was characterised by its lack of 
uniformity. This is highly undesir- 
able from the photographer's stand- 
point. To obviate this defect, a 
prismatic plate lens which would 
produce substantially uniform illu- 
mination over a surface for a 
variety of beam widths was designed 
at the G.E.C. Research Laboratories. 
With the lamp focussed for the 
widest beam, the area covered at 
a distance of 10ft., from the spot- 
light is 12ft. across. Focussed for 
the narrowest divergence the area 
is about 3ft. across with the same 
throw. The extent of the uniform- 
ity of illumination for these two 
focussing positions and for an inter- 


12 -Waldram Jour. Sci. Inst., Vol. XIII., November 
1936, p. 352. Also Block, Jhid. p. 358. 





Underwater floodlights in the new bathing pool 
at Portobello, Edinburgh. 


mediate position 1s shown in the curves of fig. 52. 


TELEPHONE CABLES. 


The outstanding research work resulting in 
the design of cable for 12 and 24 channel carrier 
current telephony has already been referred to. 
This type of cable is now in production on a com- 
mercial scale and is being supplied to the British Post 
Office for service between London and Cambridge. 

Developments are still proceeding with cables 





Fig. 44.—‘*‘Osira”’ lighting in the aircraft factory of Phillips and Powis 
Aircraft (Reading) Ltd. 
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Fig. 45.— A milk-bottle washing machine illuminated by 
‘‘Osira’’ lamps in the works of the Express Dairy Co., Ltd. 


of the co-axial type for poly-channel carrier current 
telephony, suitable for from 100 to 200 channels, and 
also for television. A modification of this type of 
cable is being developed for aerial leading in cables 
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for television. The great advances made in telephone 
cables have led to a decision to erect a new and 
separate factory at Eastleigh, purely for the pro- 
duction of this form of cable. A considerable 
amount of most modern equipment will be installed 
in the factory including the latest type of Pirellt- 
General continuous extrusion machines for lead 
sheathing the cable. In a separate adjacent building 
special testing rooms and a high frequency expert- 
mental laboratory will be established. This labora- 
tory will also contain the apparatus devised by the 
G.E.C. Research Laboratories and Salford Instru- 
ment Works for performing electrical measurements 
upon the cable. 


SUPER-TENSION CABLES. 


One of the most important normal type super- 
tension cable schemes undertaken was that in 
connection with the electrification of the London- 
Portsmouth-Alton line of the Southern Railway, 
fig. 53. The contract called for over 300 miles of 
single core 33 kV cable. Further contracts have also 
been secured from the Southern Railway Company 
for the period under review, for over 250 miles of 
similar cable. For the County Borough of South- 
ampton approximately 8 miles of 33 kV three core 
cable has been installed. 

There has been a continued demand for oil-filled 
cable, the contracts including one for 34 miles of 0-35 
sq. in. 66 kV 3-core cable for the County of London 
Electric Supply Co., Ltd. 

Improvements are being made continually to oil- 
filled cable accessories. An interesting device has 
just been introduced which automatically indicates 





Fig. 46._-Colour floodlighting by means of Cleora Fig. 47.—One of the largest neon signs in the world, installed 


fluorescent tubes at Simpson’s ‘‘Manshop,”’ 
London. 


at the Dagenham works of the Ford Motor Co., Ltd. The sign is 
60 ft. high, 170 ft. long and weighs, with its supporting 


structure, 48 tons. 
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any abnormal pressure conditions that 
may occur in oil-filled cable systems. 

The equipment of the oil tank 
construction shop has been augmented 
by electric welding equipment manu 


factured at Witton Engineering 
Works. 


OVERHEAD LINES. 


An original type of concentric 
overhead cable, which has been de- 
signed for housing services, forms 
part of a system for which patents 
have been obtained'’. The cable 
possesses the advantage over earlier 
types of increased mechanical strength 
neatness of appearance, and complete 
protection of the phase. 

Of overhead lines schemes in 
progress, a complete distribution 
system for linking up china clay 
pits in Cornwall (fig. 54) presents many features of 
interest. 


TELEPHONY. 

One of the most notable events in the telephone 
field in Great Britain during 1936 was the reduction 
of charges as from October Ist. This concession 
to subscribers has caused increased efforts to be 
made for the provision of necessary exchange 
equipment in all parts of the country. The London 
Area has been further affected in that the anticipated 
considerable increase in traffic during the Coronation 
celebrations has necessitated the equipping of 
existing exchanges with additional apparatus. 


I3-- Patent No. 44594]. 





Fig. 49. -The ‘‘Oxford’’ lantern, Fig. 50.—An ornamental form 
of ‘‘Oxford’’ lantern. 


for use with 300, 500 watt Osram 
lamps. It can be modified easily 
to accommodate a 250 or 400 
watt ‘‘Osira’’ lamp, providing 
a non-axial asymmetric light 
distribution. 








Fig. 48. An example of the long range visibility obtained using ‘‘Osira’’ lamps. 


Equally marked has been the expansion in 
telephone systems overseas, a continued feature 
being the increasing application of automatic 
operation. 

Technical progress has continued as in the past 
and in directions which will be manifest in exchanges 
to be brought into service in the near future. These 





Fig. 51.—New lighting unit for 
cinema _ studios, providing a 
‘‘spot’’ or ‘‘flood’’ as required. 
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exchanges will employ the British Post Office 
selector, type 2000 (fig. 55), and it is in connection 
with the incorporation of this switch that improve- 
ments have been made in equipment 
and circuits. 

A reduction in space and weight 
of exchange apparatus, together with 
improved mounting and _ wiring 
arrangements, results from the 
inherent design of the switch but, 
in addition, minor circuit improve- 
ments have been incorporated 
whilst the opportunity offered. 

Two innovations of a different 
type have as their objectives improved 
service to subscribers and the relief 
of operators. The first is the intro- 
duction of the device which has 
become known as the “talking clock,”’ 
whereby upon dialling the code 
TIM a subscriber hears the correct 
time given by the spoken word at 
intervals of a few seconds. This 
service has been applied to the 
London Area and is given by a 
clock designed by the British Post 
Office and installed at Holborn Tandem Exchange. 
The code TIM, when dialled from any point in 
the area, is translated to the code necessary to 
route the call to Holborn and there to effect 
connection with the clock circuits. |The service 


Fig. 53. 
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Fig. 52. Curves showing the uniformity of illumination 
obtained from the lighting unit illustrated in fig. 51. 


supersedes the old practice under which subscribers 
enquired the time from operators. It not only 
gives accurate information but also relieves the 
operating staff of a duty which interfered with 
their handling of regular calls. 

The second innovation is the general use of a 
“pip-pip” signal in timing trunk calls. Whereas it 


February, 1937 


has been necessary in the past for an operator to 
announce each three-minute period, the trunk 


tone now gives a distinctive signal to subscribers 
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Installing 33 kV cable for the Southern Railway main line 


electrification scheme. 


and relieves the operator of the necessity for observ- 
ing time elapsed during a call. 


RURAL AUTOMATIC EXCHANGES. 

The rural automatic exchange has consolidated 
its position both at home and overseas. The first 
application of automatic technique to rural telephone 
service was characterised by a natural desire that 
the unattended exchanges should be of the simplest 
form and, in consequence, the facilities offered were 
limited. During the period of years that has 
elapsed, the completely successful operation of 
these R.A.X. units has provided strong argument in 
favour of the opinion that equal success would 
attend exchanges equipped for a wider range of 
facilities and an increased capacity. A_ notable 
example of such an exchange has been brought into 
service at Bridgnorth. This unattended exchange 
has capacity for 800 lines and provides tandem 
facilities for over fifty other exchanges, many of which 
are themselves unattended rural automatic units. 

The same desire for a more comprehensive range 
of facilities is in evidence abroad and units recently 
supplied incorporate provision for tandem working 
with through dialling, multi-metering, party lines 
and single button coin box telephones. 

The equipment of certain R.A.X. units includes 
special apparatus designed to ensure that short-wave 
radio sets in the proximity of the units when installed, 
shall not be subjected to any interference which 
might otherwise be caused by ringing and tone 
generators, operation of relays, etc. 
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SIGNAL-POST TELEPHONE SYSTEM. 


The increasing number of automatic and power- 
operated railway signals has created a demand for a 





Fis. 54. 
Cornwall. 


telephone system of a special type for use when a signal 
has automatically gone to “‘danger’’ as a result of a 
fault condition in the signal equipment. At such a 
time a train may be held up at a signal post without 
due cause, and it is to obviate this possibility that a 
signal-post telephone system has been developed. 

An omnibus circuit of two line wires serves a 
large number of signal posts equipped with tele- 
phones, by means of which the engine-driver or 
fireman may communicate with the appropriate 
signal cabin in order that the position may be 
clarified. There are several essential requirements 
and all have been met by a system in which (a) each 
signal post is fitted with a small mistake-proof calling 
device, operation of which gives a distinctive call 
in the cabin in order that the signalman shall not 
be dependent on verbal information for learning at 
which point on the track the call originates ; (6) the 
circuit arrangements prevent any two telephones 
being connected simultaneously and thus remove 
the possibility of misinterpretation of information ; 
(c) a visual engaged signal is given to all telephones 
other than that calling; (d) the engine driver is 
relieved of the responsibility of proceeding past a 
signal at danger purely on verbal instructions, since, 
after conversation, the signalman may, over the 
same two wires, light a special signal lamp indicating 
that the train may proceed. 


CARRIER CURRENT TELEPHONY. 


Attention was directed earlier in this article (p.3) to 


11 kV overhead transmission line linking up china clay pits in 


the remarkable progress achieved in carrier current 
methods. Development work has been completed 
on new single and three-channel sets for open-wire 
lines and single, four and _ twelve- 
channel sets for cable lines. The single 
and four-channel equipment for cable 
lines operate over separate pairs for 
the “‘go’’ and “‘return’’ directions of 
transmission, whilst the  twelve- 
channel set employs a cable for each 
direction. An alternative arrangement 
of this twelve-channel equipment pro- 
vides six circuits over each pair in one 
cable instead of twelve over a pair in 
each of two cables, the frequency band 
employed being then increased by 4 
kilocycles in order to provide adequate 
separation between the two directions 
of transmission. 

In mechanical design, all the sets 
conform to the practice, now stand- 
ardised by the British Post Office for 
this class of equipment, in which 
single-sided mounting plates are 
fitted on both sides of steel racks, 
8ft. 6ins. or 10ft. 6ins. high. 


REMOTE SUPERVISORY CONTROL. 


The demand for remote supervisory control 
systems to operate over several types of communi- 
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Fig. 55. Telephone selector, British Post Office type 
2,000, fitted with 200 point bank. 


cation channel between control station and sub- 
station led to the development over a period of years 
of different types of equipment for service on open- 
wire pilots, pilots in cable, pilots suspended from 
H.T. power-line poles, circuits rented from a 
telephone administration, and carrier current 
channels. The various types of equipment had 
much in common, the principal difference lying in 
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the means of signalling over the channels. With 
this fact in mind, there was an obvious case for 
standardization of apparatus other than that used in 
signalling, in order that a standard unit in con- 
junction with appropriate termination and signalling 
apparatus could be employed on any type of channel. 
Developments during the past few months have 

















Fig. 56.._General view of the Royal Telephone Exchange, London. 


been in this direction and the out- 
come will be a range of standard 
equipment on a flexible basis readily 
applicable for service in the remote 
control of any undertaking. 


ROPE HAULAGE CONTROL IN 
MINES. 

In conjunction with the Safety-in- 
Mines Research Board a system has 
been developed for the control of 
motors employed in underground 
haulage by endless rope. 

It has been the practice for an 
attendant in the motor room to start 
and stop the haulage motor in re- 
sponse to bell signals received from 
various points along the haulage way. 
When the attendant acted upon a 
start signal from a point other than 
that which gave the signal to stop— 
there being no simple means of 
identifying these originating points— 
men still working on the haulage way were liable 
to be involved in accidents. 

The system now developed dispenses with the 
attendant and provides means whereby the motor 
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is controlled by the men actually working on the 
haulage way. In order to permit of control in the 
simplest manner from any point, the system of 
signalling previously in use has been retained, 
namely, that of contacting the two bare line wires, 
once for stop and twice for start. By taking into 
account the resistance of the line and of padding 
resistance between the point of con- 
tact and the motor room, assurance 
is obtained that the motor can be 
started only from the point at which 
it is stopped. 


MINIATURE INSTRUMENTS. 


The new line of miniature in- 
struments’* has been expanded, pro- 
duction tools are completed and large 
Government contracts for these in- 
struments have been completed 
during the past few months. 

The design has been made to 
conform to the Inter-Service Speci- 
fication K.101 (Admiralty, War Office, 
Air Ministry and General Post Office) 
both with respect to size and per- 
formance. 

The size of the case thus being 
limited, compromise was necessary 
in regard to the electrical and 
magnetic dispositions. For the 








Fig. 57. Illuminated H.T. system diagram arranged for supervisory control 
of distribution network of Worksop Corporation Electricity Department. 


normal instrument of range not less than one 
milliampere the following data applies. 


14-44.FE.C. Journal, Vol. VII, No. 1, February, 1936, p. 37. 
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Coil ampere-turns 0°2 
Torque + 0°025 cm. gm/100° 
B in gap 1530 lines per cm’, 

The range of microammeters from 25 micro- 
amperes upwards, includes a cobalt steel magnet and 
a formerless coil. 

While this new design is primarily for 2in. 
instruments it is also being adopted in other sizes 
of case so that shortly this type will be used through- 
out all the miniature instrument range. 

The same movement is also applicable to rectifier 
and thermal types, and a range of each of these is 
provided. Both are self-contained with a 4-element 
full-wave rectifier or a thermo-couple respectively. 

A new miniature portable instrument which 
is much less bulky than a 6in. instrument has 
been produced, having a scale length of 22ins. 
This is a rectangular shape with top terminals, 
rendering it easily portable and equally suitable 
for table or bench use. 


PHOTOCELL APPARATUS. 


Selenium photocells of the self-generating type 
are being manufactured on a commercial scale. By 
the action of light on the surface of the cell they give 
up to 200 microamperes for 50 foot-candles illum- 
ination. They are used in various types of illumin- 
ation meters as well as in several other instruments, 
some of which are described below. 

The comparative glossmeter, fig. 58, is a small and 
compact photoelectric apparatus suitable for com- 
paring the gloss of various surfaces, as indicated by 
the specular and diffuse reflection properties. The 
instrument consists of a “‘lamp unit,’’ which projects 
a collimated beam of light on to the test surface: 
the reflected light is received by a small rectifier 
type photocell contained in a special housing. The 
“control unit’’ contains a very sensitive micro- 
ammeter, scaled O0O—100 per cent, to which the 
photocell is connected. By means of a sensitivity 
adjustment the instrument can be adjusted to 
indicate 100 per cent, or other appropriate percentage 
on a suitable reference test surface, and other 
specimens can then be measured directly in terms 
of the reference surface. 

Another photoelectric apparatus is the com- 
parative colorimeter, intended for use in comparing 
the light transmission properties of liquids, which 
can also be applied in the chemical laboratory to the 
determination of absorption and extinction values. 
Two glass cells containing the liquids are arranged 
one on either side of a lamp so that the light passes 
through the solutions on to matched selenium 
rectifier photocells, which are on the side of the 
glass containers remote from the lamp. The photo- 
cells are connected differentially to a _ sensitive 
microammeter scaled in absorption and extinction 
values, and a sensitivity adjustment is provided so 


that the instrument can be calibrated to read directly 
on these scales. 


ELECTRIC MICROMETER. 


The electric micrometer, fig. 59, is now manu- 
factured completely in England, from an improved 
design evolved at Salford Instrument Works. 

The apparatus comprises a high frequency 
valve-operated electrical apparatus for measuring 
the thickness of metal foils and sheet. It is of 
special value in the continuous indication of the 
thickness of sheet coming from a rolling mill and no 
error is introduced if the sheet is covered with paper 
or grease. It includes a H.F. valve generator, the 
frequency of which is chosen to suit the thickness 
and type of metal to be measured; this supplies 
current to one of a pair of coils fixed on opposite sides 
of the metal foil. The transfer of energy from one 
coil to the other depends on the thickness and 
electrical conductivity of the foil and thus the thick- 
ness can be indicated on a suitable D.C. instrument 





Fig. 58. Comparative glossmeter used for comparing 
the gloss of various surfaces. 


after rectification of the H.F. current. In the usual 
type, for rolling mill use, an indicator with a central 
mark is used. Initially, this is set to the thickness 
required and during rolling the thickness can be 
observed continuously by the departure of the 
pointer from the centre mark. Indications to one 
side or the other are caused by the foil being too 
thin or too thick. The second type is made direct 
reading for a given metal, by calibrating the scale 
in thousandths of an inch or in millimetre units. 


GECALLOY CORES. 


The manufacture of loading coils with Gecalloy 
cores has continued at a high level for all types of 
underground telephone circuit, due to the increased 
programme of telephone development undertaken by 
the British Post Office. The increase of application 
of carrier frequency operation for telephone cables 
has resulted in the development of coils for loading 
5-channel carrier circuits on part of the London- 
Glasgow cable. In addition, the progress made 
in 12-channel carrier methods has increased the 
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frequency for which filter coils are made, and coils 
of this type are being designed and manufactured 
up to radio frequencies to meet stringent demands 
of losses, size and general performance. 

Increased numbers of Gecalloy cores are being 
supplied for radio receiving sets, and the introduction 
of new closed magnetic circuit cores has met with 
new applications in the radio set field. For all these 
applications at higher frequencies and where lower 
losses are demanded, the development of new and 
improved testing apparatus has played an important 
part and various new instruments have been devised 
for this purpose. 


NEW SINGLE PHASE METER. 


A single phase meter of very simple construction, 
known as type J, has recently been designed. It 1s 
shown in figs. 60 and 61. The construction is simple, 
and necessary inspection or maintenance operations 
may be performed without loss of time. Thus, the 
removal or replacement of the counter can be effected 





Fig. 59.—Electric micrometer. 


in an instant, and the rotor may be removed or 
replaced in a few seconds. 

Three load adjustments are provided (a) full load 
(b) low load and (c) inductive load. The full load 
adjustment is effected by moving the brake magnet 
by means of a micrometer screw. The low load 
adjustment is also by means of a micrometer screw 
and is self-locking. The inductive load adjustment 
is effected by a sliding vane in the gaps of the shunt 
electromagnet and is clamped by a screw located 
above the shunt coil. This clamping screw may be 
seen in fig. 61, just behind the top bearing screw. 

The meter has a torque of 5 grs.-cm, the rotor 
weighs 18-5 grammes and makes 27-5 r.p.m. at full 
load. The shunt loss is 0-8 watts at 220 volts 
50 cycles. The meter has been approved by the 
Electricity Commissioners. 


COMBINED kVA DEMAND AND kWh METER. 


The instrument shown in fig. 62 is a combined 
kVA demand indicator, kWh meter and synchronous 
timing element. It consists of a kVAh meter on the 
left fitted with an indicator to give the maximum 
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demand in kVA, a kWh meter on the right, reading 
the units consumption, and a synchronous motor 
driven timing element in the lower right hand corner 
for periodically resetting the demand indicator. This 
instrument provides in a compact form and in a 
single case, the three instruments which are other- 
wise necessary when a consumer is given a supply 
and charged on a kVA demand basis. Apart from 
the considerable saving in space, the external con- 
nections are simplified, thus minimizing the risk of 
incorrect connections on consumers’ premises. Also, 
the cost of connecting up is reduced by eliminating 
a lot of interconnections between meters and time 
switch and by a saving of the meter fixer’s time. 

The kVA demand indicator is of the compensated 
type and is made for a range of power factors between 
0°5 and 0°9 or alternatively 0°8 to unity. The 
former range is the more popular and covers the 
majority of industrial installations, but where power 
factor correcting devices are installed the latter 
range may be preferred if the power factor is cor- 
rected to within the region of unity at the time of 
maximum demand. A certain amount of mis- 
conception still exists in the minds of some users as 
to the desirability of using a compensated type of 
instrument where the power factor varies over a wide 
range, and particularly where a leading power factor 
is experienced. The fact is overlooked that the 
only important consideration is the power factor at 
the time of maximum demand. If, during the time 
of maximum demand, the power factor is within the 
range of the instrument, and it usually is, the power 
factor at any other time is quite unimportant. 

If the curve of the instrument be studied it will be 
found that the instrument can be adjusted to within 
-+-2-0 per cent over about 90 per cent of its working 
range, and also that over a considerable portion of 
its range the errors are much less than this amount. 
In view of these facts the use of expensive instruments 
which claim to be accurate at any power factor is 
very seldom warranted, and certainly not for 
industrial installations. 

The timing element consists of a small synchron- 
ous motor which drives through a train of wheels 
to a disc visible in the extreme right hand bottom 
corner, which rotates once per hour. This disc 
carries pegs, the number of which varies according 
to the time interval for which the instrument is set. 
For a 15-minute resetting period there are four 
pegs, for a 30-minute two pegs and for a 60-minute 
period there is one peg. Each time a peg passes 
under the trip lever the demand mechanism is 
disconnected from the meter and the gearing is 
restored to a zero position. The pinion of the 
synchronous motor can be observed through a hole 
in the front plate of the timing element and it is easy 
to observe that the motor is running. The periodical 
monthly or quarterly reset of the demand pointer 
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can be effected by drawing downwards a spring 
operated plunger seen in the lower face of the 
cover about the centre line. On operating the 
plunger the pointer flies back to zero after which 
the plunger can be sealed to prevent unauthorised 
operation. 


DEMAND INDICATOR WITH WARNING DEVICE. 


The instrument shown in fig. 63 is intended for 
the use of consumers who take a supply under a 
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Fig. 60. Exterior of single Fig. 61. Interior of same 
phase meter. meter. 


maximum demand tariff. The object of the instru- 
ment is to give a warning to the consumer if and 
when he is likely to exceed some predetermined 
demand which he desires to limit. 

It will be observed that there are two scales, one 
indicating kilowatts and the other minutes. The 
kilowatt scale has three pointers, the shortest of which 
is adjustable by hand to the demand in kilowatts 
which it is desired not to exceed. This demand is not 
the instantaneous value but the average over, say, a 
30-minute period such as is measured by the usual 
form of maximum demand indicator of the integ- 
rating type. A second pointer indicates the maximum 
demand which has occurred since the instrument 
was last reset and the third pointer starts from zero 
every 30 minutes and gives an indication of the 
amount of energy which has been used in the 
particular 30-minute period under consideration. 
The minute scale reads from 0 to 30 minutes and the 
pointer is reset to zero at the end of each 30-minute 
period. 

The instrument operates in conjunction with a 
kWh meter fitted with a contactor on the counting 
train. It can in fact be operated either by a single 
meter or by a number of meters fitted with contacting 
devices. Assuming, however, that it is operated by a 
single meter, electrical impulses sent out by the 
latter operate through a relay, the notching on 
mechanism of the kW indicator, one pointer of 


which starts off from zero every half-hour. Each 
impulse represents the consumption of a definite 
amount of energy and the pointer moves forward 
with each impulse received until the end of the 
half-hour when it returns to zero. The second 
pointer is carried forward by the first but does not 
automatically return to zero, and consequently 
indicates the maximum demand which has occurred 
since the instrument was last reset. 

In the event of an excessive load occurring, the 
pointer which starts from zero every 30 minutes and 
which will be called the load pointer will eventually 
reach the adjustable pointer and a contact will be 
closed to actuate a warning device such as a Klaxon 
horn or some other form of audible or visible 
warning. The time interval which has lapsed when 
the warning is given can be seen from the time 
indicator since both the time pointer and load 
pointer are reset simultaneously. If the warning 
is given at the end of the time interval no pre- 
cautions are necessary but if some time still remains 
the load must be reduced. 

In practice, it is desirable to set the adjustable 
pointer to say 90 per cent of the load which it is 
desired not to exceed. Then if a warning is given 
when the time pointer reaches 90 per cent of its 
travel, that is, 27 minutes, it will be understood 
that provided the load does not increase during 
the next three minutes the desired maximum load 
is not likely to be exceeded. If, however, the warning 
is received in less than 27 minutes the load must be 
reduced and the amount by which this is necessary 





Fig. 62.._-Combined kVA demand and kWh meter. 


can be estimated from the time at which the warning 
is received, since the greater the load, the shorter 
will have been the time. 

In order to prevent the warning device from 
becoming a nuisance by prolonged noise after the 
necessary action has been taken to reduce load, 
consequent on a warning, a small relay is provided 
in the instrument which when a switch is closed by 
the attendant, cuts out the Klaxon horn until the 
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end of the 30-minute interval. This relay is self 
restoring and cuts in the horn again when the time 
pointer is reset. 


SINGLE PHASE TWO-PART PREPAYMENT METER. 


A single phase two-part prepayment meter 1s 
shown in fig. 64. This consists of a modification 
in the well-known Chamberlain & Hookham pre- 





Fig. 63...Demand indicator with warning device. 


payment meter of which more than half a million 
are in use. In addition to registering the unit 
consumption it also registers the standing charge 
which may consist of the rateable-value charge, the 
hire of cooker or other electrical apparatus, and the 
rental on wiring or other installation charges. An 
adjustable index below the coin register permits 
the standing charge to be varied from two pence 
per week up to four shillings per week, simply by 
setting the index to the appropriate position. 
Between the values above stated the index can be 
set in steps of one farthing, and if necessary the 
range of the instrument can be doubled by a simple 
gear change accessible when the cover is removed, 
the setting then being in halfpenny steps from 
four pence to eight shillings. 

Should the consumer fail to insert a coin after 
the prepaid amount has been used, the switch 
opens and the supply is cut off. Thereafter, until a 
coin is inserted, the synchronous motor embodied in 
the meter causes the mechanism to register arrears 
at a rate proportional to the weekly standing charge. 

A novel feature is embodied in this meter which 
is a great convenience to the consumer. In all other 
types of two-part meter, the consumer is unable 
to obtain a supply when he is in arrears. In some 
circumstances such as at holiday time, the consumer 
may have debited against him several shillings of 
arrears, and the whole of these arrears must be 
paid off before the supply can be resumed. On 
the Chamberlain & Hookham meter a special 
device is fitted which permits the customer to 
obtain a limited supply for a short time on the 
insertion of a coin notwithstanding the fact that 
he is in arrears. Thus, if a consumer who is five 
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shillings in arrears inserts a shilling in this meter he 
will pay off nine pence of his arrears and will be 
permitted to use three pennyworth of current 
provided that it is used immediately. If it is not so 
used the balance will be transferred by the synchron- 
ous motor towards paying off further arrears. This 
is a great convenience to a consumer who, being in 
arrears, has not sufficient coins available to pay 
off the whole. In some instances, consumers have 
got so far into arrears that they have despaired of 
being able to pay them off, and the supply has been 
discontinued entirely. Had this feature been avail- 
able the consumer would have been able to pay off 
his arrears by instalments and the loss of a consumer 
would have been avoided. 


DIRECT CURRENT TWO-PART PREPAYMENT 
METER. 

A direct current two-part prepayment meter is 
shown in fig. 65. This consists of the Chamberlain 
& Hookham D.C. ampere hour meter combined 
with a two-part prepayment mechanism. The 
mechanism itself is generally similar to the single 
phase two-part mechanism already described and 
includes the. special device which enables the con- 
sumer to obtain a supply when in arrears on the 
insertion of a single coin. The standing charge is 
varied by changing a small gear unit. This latter 
can be exchanged in a few seconds by releasing one 
screw and when replaced automatically registers in 
the correct position. The synchronous motor of the 
single phase meter is replaced by a small self-winding 
D.C. clock. This clock has a spring which 1s 
maintained in a fully wound position by an electro- 





Fig. 64._-Single phase two-part prepayment meter. 


magnet which notches on a ratchet wheel at short 
intervals. A fully jewelled British made escapement 
is fitted and the clock is covered by a dust-tight 
cover. The clock is geared to the prepayment 
mechanism through gearing which can be dis- 
engaged by displacing a pinion after which the 
gearing can be rotated by hand for the purpose of 
rapidly checking the gear ratio. 
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FIVE-LIMB VOLTAGE TRANSFORMERS. 


A three phase five-limb oil-immersed outdoor 
pattern voltage transformer constructed for operating 
on a 33 kV system is illustrated in fig. 66. The 
illustration is a view of the core and windings 
removed from the tank showing the high tension 
fuses and limiting resistances. The latter are fitted 
inside the vertical insulators on the front of the 
transformer. 

The object of the five-limb construction is to 
provide suitable means for the operation of directional 
earth leakage protective devices. In the ordinary 
three-limb core type voltage transformer with 
insulated neutral, an earth fault on the system does 





Fig.65. D.C. two-part prepayment meter : interior view. 


not necessarily upset the balance of fluxes in the 
three limbs, consequently the secondary induced 
voltage may not be an exact counterpart of the 
primary voltage. On the other hand, the five-limb 
transformer does reproduce similar conditions on 
the secondary side to those existing on the primary. 


FURNACES. 

One of the most interesting of recent events in 
connection with electric furnaces, has been the 
development of an apparatus, known as the coal gas 
burner, fig. 70, for producing from coal gas an 
artificial atmosphere which is suitable for the bright 
annealing of the majority of ferrous and non-ferrous 
materials. 

The use of this gas burner in conjunction with 
the Grunewald furnace has resulted in a process 
which allows of the bright annealing of mild steel 
strip irrespective of the lubricants used during rolling 
and at an additional cost for gas of only a few pence 
per ton of metal treated. 

With the development of an effective and 
economical method of producing a suitable artificial 
gas atmosphere, has come the development of the 
rectangular Grunewald plant for the bright annealing 
of sheets. This plant and process enables steel sheets 
to be annealed so as to ensure not only perfect 
physical properties and finish, but a consistency of 
product not otherwise obtainable. The plant and 
process require the minimum of labour, 


Considerable headway has been made in the 
manufacture of furnaces embodying the Grunewald 
process. One installation which, early in 1936 
consisted of two furnaces and 16 pots, has now 
grown to six furnaces and 48 pots. Still a further 
four furnaces with complement of pots are being 
made for this installation. Other similar furnace 
equipments are being shipped to Australia. 

High frequency induction and arc types of 
melting furnaces are in course of construction for 
the melting and making of heat resisting alloys, 
special steel, and for melting non-ferrous metals. 
Small melting units of the resistance type also have 
been built for melting soft metals. 

A large horizontal brass annealing furnace with 
charging machine has been completed, figs. 67 and 
68. It has an electrical loading of 330 kW, and 
effective hearth area 24 feet long and 5 fect wide, and 
it will take a charge of 63 tons of rolled brass strip. 
Exceptionally uniform heat distribution and precise 
temperature control are obtained by the employment 
of five vertical spindle, direct coupled, centrifugal 
fans and suitably zoned automatic temperature 
control gear. 

Large furnaces, up to 36 feet in length, have been 
constructed for the heat treatment of aluminium 
and aluminium alloys. Some of these furnaces are 
for annealing and ageing aluminium alloys for aircraft 
work, and others for re-heating billets for rolling, etc. 
A feature of one of the furnaces which is used for 
ageing light alloy tubes for aircraft purposes is 
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Fig. 66. Five-limb voltage transformer. 


that during the ageing process, white metal, with 
which the tubes are filled prior to bending, is melted 
out and caught in trays on the hearth. 


WATER HEATING. 


Internal Circulators. 

A new type of circulator has been developed 
which incorporates sheathed wire elements in place 
of embedded elements. The sheathed wire element 
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Fig. 67. 330 kW Disturbed-atmosphere 
non-ferrous metals annealing furnace 
installed in a Birmingham rolling mill. 
has the great advantage that, owing 
to its small diameter, the obstruc- 
tion to the water flow in the 
circulator tube is reduced to a 
minimum. Efficient circulation is 
thus obtained, enabling small quan- 
tities of really hot water to be 
obtained shortly after the tank has 
been completely emptied. 

The element is directly immersed 
in the water and has a greatly 
increased life owing to the low 
temperature of the element wire. 
While the element is not withdrawable in the usual 
sense of the term, it can easily be changed in the 
event of fatlure without the necessity for either 
completely emptying the storage tank, or removing 
the circulator itself from the tank. 

These circulators are made in a variety of lengths 
and loadings to suit the different types of storage 
tanks which are in use in various parts of the country. 
By the use of twin elements it has been possible 
to design an exceptionally short circulator 18ins. 
long, having a loading of 3kW. This type is suitable 
for use in the small rectangular tanks which are 
common in the Midlands. 


Electrode Steam Raisers. 

The small 20 kW electrode steam raiser'” intro- 
duced during 1935 has been modified to reduce the 
time taken to raise steam. The modification com- 
prises the insertion of an insulating liner in the 
Shell similar to that provided in the larger capacity 
heater. The liner serves the double purpose of 


- 


15—G.E.C. Journal, Vol. VII., No. 1. Februarv 1926. p. 42. 
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reducing the water content and allowing the 
electrodes to be arranged nearer the shell, thus 
reducing the overall diameter. The working 
pressure of the welded shell type has been 
increased to a maximum of 30 lbs. per sq. in. 
so that the previous arrangement of feed to 
the heater by semirotary pump or automatic 
float is superseded by a hand operated ram 
pump mounted on the base of the heater 
itself. This latest design is illustrated in 
fig. 72. Itis interesting to note that starting 


Fig. 68..-Another view of the furnace illustrated in Fig. 67, showing 
automatic heat control panels on the left and charging machine in 
the foreground. 


from cold water, steam is produced in approximately 
four minutes, and at a pressure of 30 lbs. per sq. in. 
in eight minutes. These modifications have also 
been made to the 20 kW heaters for working pressures 
between 30 lbs. and 60 lbs. per sq. in. 


BAKING OVENS. 


A 200 kW conveyor type baking oven for the 
production of slab cake and madeira cake has been 
completed for a new bakery at Oxford. This is 
designed on similar lines to a travelling oven previ- 
ously built for the baking of biscuits. 

The internal dimensions of the oven are 35ft. long 
by 75ins. wide. The conveyors enable two trays to 
travel through the oven side by side, the time of baking 
being variable between the limits of 5 and 120 
minutes. The total load of the oven is divided into 
eight zones, four at the top and four at the bottom, 
each being individually controlled by thermostats. 

A large number of drawplate ovens has been 
completed for bread baking. The electrical design 


is on similar lines to those previously built, but 
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a new type of oven construction is embodied, in which 
the inner cases are lined to give a certain degree of 
thermal storage. Similar ovens for the baking of 
Vienna rolls have recently been put into successful 
operation. Both types of ovens are built into a 
brickwork exterior. 


INDUSTRIAL COOKING APPARATUS. 


A restaurant type of grill, fig. 73 fitted with 
heating elements at the top and bottom has been 
developed primarily for use in ships. The bottom 
element consists of a heated cast iron ribbed plate on 
which is placed the meat to be grilled. The ribs givea 
quick grilling effect similar to that by which meat 
is grilled over a charcoal grill. Rise and fall gear 
is fitted; this can be foot-operated, and enables 
the height of the top heating elements to be adjusted 
in relation to the food to be grilled, with the result 
that grills can be produced in a much shorter time 
than by any other method. 


INDUSTRIAL HEATING APPARATUS. 


Tubular heaters have been produced for use on 
traction voltages for such purposes as the heating 
of trains and trams. These heaters are fitted with 
standard elements but embody a terminal head 
arrangement of sufficient dimensions to give the 
necessary length of leakage path. MHeaters of this 
type are fitted in new rolling stock built for the 
Mersey Underground Railway. 

Tubular heaters embodying standard elements 
have also been designed to comply with the regu- 
lations for flameproof equipment and the necessary 
certificate from the Department of Mines has been 


Fig. 69.-_-Grunewald furnaces installed in the Newport works of the 
Whitehead Iron and Steel Co., Ltd., for bright annealing cold-rolled 
strip. A coal gas burner can be seen on the extreme left. 


obtained so that they are now available for 
operation in an inflammable atmosphere. 

The elements are in a totally enclosed chamber, 
the joints of which are machine faced. The 
terminals are housed in a chamber which is entirely 
separate from the space containing the elements. 

Experiments have been conducted to determine 
the maximum safe loading per foot run of these 
tubes in the atmospheres of cellulose spraying 
shops, petrol refineries, coal mines and the like, with 
the result that tubes are now provided with altern- 
ative loading depending upon the nature of the 





























Fig. 70._-Coal gas burner for producing 

from coal gas an artificial atmosphere 

suitable for bright annealing of ferrous 
and non-ferrous material. 


dangerous area in which they are to be 
used. Tubes of this type have been 
installed in several aeroplane works. 

Hotplates for tobacco toasting, fig. 
74, have been developed and give the 
fine temperature control necessary in 
the production of shag tobacco in 
order to produce the correct flavour 
and to avoid overdrying. The unit 
consists of a mild steel plate built 
on an angle iron frame. 

The actual heating surface on which 
the tobacco is placed and the surround 
are made of stainless steel to withstand 
the corrosive effect of hot tobacco. Heat- 
ing is carried out by means of elements 
clamped to the underside of the plate. 
Thermostatic control is provided. 
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DOMESTIC COOKERS. 


Many advances have been made in domestic cooker 
design. The range of models available for the home 
market is provided with completely interchangeable 
electrical components. 


A small breakfast cooker of 





Fig. 71.—500kW, 400volt Electrode boiler and plant installed in the 
George’s Dock Ventilating Building, Liverpool (Mersey Tunnel Scheme). 








Fig. 72._-20kW Electrode steam raiser. 


modern design has been added to the range, and 
caters for the requirements of flats and tenement 


buildings. 


A new range of cookers, fig. 75, has been 
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introduced to meet overseas requirements in South 
Africa, New Zealand and Australia. The ovens in 
this range of cookers are fitted with drop-down 
doors and are provided with top and bottom heating. 

An important feature of all cookers for home 
and overseas requirements is the 
new coloured porcelain enamel finish 
which has been made possible by 
the introduction of a special coloured 
acid-resisting enamel. 

A 4-heat boiling-plate control 
has been developed embodying an 
external resistance, which enables 
four degrees of heat to be obtained 
with the standard type of plate. 
With the high loaded 8in. boiling 
plate, 2,250 watts are available at 
“High” heat, 1,125 watts. at 
““Medium”’ heat, and 562) watts at 
“Low” heat, while 250 watts are 
available for simmering purposes. 
This unit, which is illustrated in fig. 76, 
can be fitted to any make of cooker. 


THERMOSTATIC OVEN CONTROL. 


Following a prolonged experi- 
mental investigation of the application 
of thermostatic controls to ovens, 
which has included a very large 
number of actual cooking tests, it 





Fig. 73. Restaurant type grill fitted with top and bottom 
heating elements. 


has been determined that a short time cycle (ie., 
period between successive operations of the therm- 
ostat) is of vital importance, while very close regu- 
lations of oven air temperature is not essential. 
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This arises from the fact that the heat transfer to 
the food is partly by convection from the air in the 
oven, and partly by radiation from the elements 
where these are not completely obscured, and from 
the sheet metal parts behind which the elements are 
situated. The rate of heat transfer by convection is 
very little affected by the variations in temperature 
which normally occur during the thermostatic cycle, 
but that by radiation changes very rapidly when the 
thermostat cuts out owing to the quick cooling of 
the relatively light parts from which the radiation is 
emitted. Consequently the total rate of heat 
transfer varies much more widely than the changes 
in air temperature would appear to indicate. 

One of the advantages claimed for thermostatic 
control is that food can be inserted into the oven 
any length of time provided this is greater than that 
required for pre-heating after the oven has been 
switched on, and it is therefore very necessary that 
cooking should be quite independent of the part 
of the thermostat cycle at which the food is inserted. 
The only way to achieve this is to make the cycle 
so short that cooking occupies a considerable number 
of cycles. 

Well lagged ovens such as are commonly used 
in this country cool very slowly, and a short time 
cycle therefore involves very close temperature 
regulation, although this is not necessary per se. 
So far as the thermostat is concerned the short 
cycle involves a large number of operations during 
the life of the cooker, and the close regulation makes 
high contact pressure impossible. The performance 
of the thermostat under these severe conditions 
has required very close investigation. It is not 





Fig. 74.—-Hotplate for tobacco toasting. 


sufficient to ensure that it will operate satisfactorily as 
a switch for the required number of times; it must 
do so without any serious change in operating 


temperature such as 1s likely to result from wear of 
contacts or other causes. 

In applying automatic temperature control to 
G.E.C. cookers all these considerations have been 





Fig. 75.—Domestic cooker for overseas use. 


borne in mind. The cycle is short enough to enable 
food to be put into the oven, with equally satisfactory 
cooking results, at any time after the conclusion of 
the preheating period, and life tests on the thermo- 
stats have shown that they can break their full 
current 100,000 times without the operating temper- 


ature changing by an amount sufficient to affect 
cooking. 


RADIANT HOTPLATES. 


An 8in. diameter radiant type hotplate, embody- 
ing a sheathed wire element and having a loading of 
1,800 watts has been put into production, fig. 78. 

The results of service tests and laboratory life 
tests which have extended for a period of nearly two 
years, have shown that this hotplate will give a 
satisfactory performance under everyday conditions 
of use. The element tubes are of a special nickel- 
chrome alloy, and are bent to form two concentric 
sections. The outer ring dissipates 1,000 watts and 
the loading per unit length of the outermost turn in 
this section is adjusted to maintain the tube temper- 
ature at the same level as that of the inner turns 
of the plate, thus ensuring an approximately uniform 
temperature over the whole hotplate. 
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The loading of the centre part of the hotplate 
is 800 watts. The bent elements are flattened 
slightly, and are mounted on a framework of stainless 
iron by means of spot welded clips, to form a light 
but rigid structure. The element assembly 1s 
mounted over an aluminium reflector and the 
terminal ends are brazed into a brass cover. This 
cover protects the hotplate terminals from spilt 
liquids, and is arranged also as a hinge for the 
elements, allowing for the removal of the reflector to 
facilitate cleaning. 

The vitreous enamelled supporting casting is 
fitted with insulated current carrying plugs and an 
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per week, is very large, experience has shown that it 
is by no means wasted. Originally causes of failures 
were classified into a few broad groups. 

During the first few years of production, output 
was too small for the number of returns to be large 
enough to enable any definite conclusions to be 
drawn, but as the number increased it was found 
that the number of returns classified as ‘“‘wire 
failure’’ was considerably larger than had been 
anticipated. 

This broad classification was therefore sub- 
divided according to the part of the hotplate in 
which the failure had occurred. This closer analysis 
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Fig. 76.—External resistance 

giving four different heats 

with standard type of hot- 
plate. 


Fig. 77. 


earthing plug which makes the radiant type hotplate 
interchangeable as a unit with the enclosed type 
hotplate. 


EMBEDDED HOTPLATES. 


It frequently happens that a lack of knowledge 
of precise conditions of use makes it very difficult 
to devise laboratory tests which will give a really true 
picture of the performance to be expected from an 
appliance under service conditions. This is particu- 
larly true in the case of hotplates, and it was for this 
reason that it was decided to supplement laboratory 
tests by keeping a detailed record of the causes of 
failure of all hotplates returned for replacement 
under guarantee. Although the labour involved, 
with an output measured in thousands of hotplates 


AVAILABLE HEATS 
WITH 8” DIA 2%KW. HOTPLATE 





ENERGY REQUIRED FOR SIMMERING 
UNDER VARIOUS CONDITIONS 


Characteristics of 8 in. dia. hotplate with 4-heat 


control. 


revealed the fact that most of the wire failures occur- 
red in the outer turn of the spiral, i.e., near the rim 
of the hotplate. In fact 50 per cent of the failures 
in the popular sizes of round hotplates were found 
to be due to wire failure in this region. The fact 
that in this region the wire was at its lowest temper- 
ature precluded oxidation as the primary cause of 
failure and the entry into the refractory of liquids 
spilled on the hotplate surface was suspected. 

Laboratory tests confirmed this view, and on 
intermittent life test with water dripping contin- 
uously on the hotplate surface, failure was found to 
occur in about 100 hours. 

Several possible methods of eliminating this 
point of weakness were investigated and it was 
eventually decided to fit the hotplates with a double 
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drip rim, thus greatly increasing the distance over 
which the water had to creep before reaching the 
refractory, and also providing a second edge from 
which it might drip in cases of flooding. Under 
the very severe test conditions just referred to a life 
of about 1,500 hours was obtained, which represented 
an improvement of 15 to 1 on the single rimmed 
plate. 





Fig. 78. 8-in. Diameter radiant hotplate with 
Sheathed wire element. 


DOMESTIC APPLIANCE ACCESSORIES. 


A bi-metal operated safety device has been 
developed for use with coffee percolators. This 
protects the appliance from damage due to over- 
heating if it is inadvertently allowed to boil dry, or 
if it is switched on while empty. The safety device 
is reset by pressing a button which projects through 
the base of the percolator. 

A safety device which operates and is reset in a 
similar manner has also been developed for use 
with wash-boilers. 


RADIO RECEIVERS. 


The radio receivers of the present season are 
similar in the main to those of last season, but 
important modifications have been made to overcome 
minor criticisms and to give further facilities in the 
form of better illuminated tuning scales, a reduction 
in the number of controls and the like. 

Quality in reproduction has in general been 
improved, particularly in the more expensive mains 
receivers where on powerful signals virtually “‘straight 
line’’ reproduction can be obtained up to 7,500 
cycles per sec. 

In the mains and battery T.R.F. sets the inherent 
selectivity has been improved so that this type of 
set can be regarded as a two control receiver similar 
to a supersonic heterodyne. The mains set is now 
fitted with automatic volume control which makes 
it easier to operate. 

In the supersonic heterodyne receivers the most 
interesting feature is the addition of a short wave 
tuning range. The four valve DC/AC set and the 
five valve mains set each have one short wave 
range, and the six valve mains and battery sets 
have two short wave ranges; all, except the four 


valve set, also have an advanced form of selectivity 
control giving the utmost selectivity consistent with 
the required audio-frequency response. A six valve 
frame aerial set has been introduced and this, in 
common with several of the other sets, has a new 
muting circuit which cuts off all the weaker stations 
and background noises. 

For overseas in particular, an eight valve set of 
advanced design has been produced. It has high 
sensitivity and large power output. The set is also 
available in a radio-gramophone fitted with a record 
changer, fig. 79. 

Two smaller radio-gramophones have been 
developed. This has been possible owing to the 
Sensitivity and power output which is obtained 
with a modern four valve set. 


RADIO INTERFERENCE. 


Work is progressing on methods for reducing 
interference with radio receivers caused by external 





Fig. 79.—Eight-valve supersonic heterodyne radiogram 
with automatic record changing device. Wavelength 
range 16 to 2,000 metres. 6 watts push-pull output. 


electrical appliances. The Engineering Works at 
Witton and the Research Laboratories have had 
under investigation all motor driven appliances. 
Precision measuring gear has been developed by the 
Research Laboratories which gives a direct reading 
of the amount of interference caused by the appliance 
under test, and a permissible maximum figure has 
been agreed upon by the Post Office. Cold cathode 
discharge tubes used in neon signs are potential 
causes of interference and a suitable unit has been 
developed for eliminating this trouble. 
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PUBLIC ADDRESS. 


The applications of sound reproducing equip- 
ment continue to increase. Interesting examples 
include the equipment of several important railway 
termini with announcing systems for the direction 
of passenger traffic, and the provision of speech 
reproduction equipment for the “‘Derby.”’ 

An apparatus capable of working from either D.C. 
or A.C. mains has been introduced for the first time, 
thereby enabling a rotary converter to be dispensed 
with in D.C. areas. This improvement has been 
particularly popular in the case of portable equip- 
ments. 

The low loading push-pull system has _ been 
incorporated in the larger power amplifier systems 
and has enabled large outputs to be obtained with 
considerable economy of apparatus. This system is 
now being widely adopted. 

The introduction of lapel microphones, enabling 
a speaker to address his audience without the em- 
barrassment of facing a large table microphone, 
has proved very popular. 


RECEIVING VALVES. 


The commercial demand for receiving valves 
with even closer manufacturing tolerances than 
before has led to the introduction during the past 
year of a new range, comprising, among others, the 
types X42 (heptode), H42 (high amplification factor 
triode) and DH42 (double diode high amplification 
factor triode). The distinguishing feature of these 
valves is that the wattage required for cathode 
heating has been reduced to 2-4 (4V, 0-6A), except 
for the output valve, in which 4 watts (4V, 1-0A) 
continues to be used. This change has allowed 
a reduction in the length of the electrode system, 
with corresponding advantages in the way of 
reduced inter-electrode capacities. A further feature 
of the range is that the input grid connection is 
brought through the top of the bulb, thus reducing 
the input capacity. This is of great advantage 
in the laying out of certain receiver designs. 

Considerable improvements have been made 
to cathode coatings, heater insulator coatings and 











Fig. 80... Hot cathode mercury vapour rectifier. 
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electrode materials, which have been particularly 
advantageous in rendering the manufacture of 
this new range possible. 

Dome topped bulbs have proved to be of 
considerable advantage in reducing the effect 
of transit shocks; their use has therefore been 
extended and they are incorporated in all new 
valve designs. 

The development of television receivers in a 
commercial form has led to the development of a 
number of types of valves especially suitable for use 
in their circuits. The use of normal valves at the 
high frequencies employed in television has also 
been investigated and in particular it has been 
found feasible to make use of the triode hexode 
frequency changer at 60 megacycles. 

Three new vacuum rectifiers and one new 
mercury vapour rectifier have been introduced, two 
of the former being intended for use in television 
receivers and one for normal broadcast receivers. 
The U16 is a single anode rectifier suitable for input 
voltages up to 5,000 volts R.M.S. with a maximum 
smoothed D.C. output of 2 milliamps, making it 
suitable for supplying the anode and accelerator 
voltages to cathode ray tubes. For higher current 
outputs, where the associated circuits of the cathode 
ray tube need a high voltage, the U17 may be used. 
This is a single anode rectifier for input voltages up 
to 2,500 R.M.S., capable of delivering 30 m.A. 
smoothed D.C. at this voltage. The U18 is a directly 
heated filament rectifier suitable for bi-phase half 
wave rectification with an input of 500 + 500 volts 
R.M.S. and a smoothed D.C. output of 250 mA. 
The GU5 1s a single anode mercury vapour rectifier 
similar in current output to the GU1 already estab- 
lished, but designed to withstand up to 1,500 anode 
volts R.M.S. 

An interesting development has been the type 
HAI which is a miniature triode valve particularly 
applicable to reception or oscillation on ultra short 
waves. By the proportional reduction of all electrode 
dimensions and the special form of mounting, a 
relatively high mutual conductance has been main- 
tained, whilst the inter-electrode capacities and lead 
inductances have been reduced to very low figures. 

In the field of special valves, the A577 has been 
introduced to meet the need of instrument manu- 
facturers for an indirectly heated triode valve for use 
in valve voltmeters. The input losses are so 
reduced as to give an input impedance which is 
greater than 20 megohms at a frequency of 
1,000 kilocycles. 

To meet the need for larger power outputs from 
amplifiers for public address and broadcast relay 
systems, methods have been worked out for using 
existing valves with positive grid drive to give 
higher efficiencies. In the case of the DA100 type, 


the output of 200 watts may be obtained from a 
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pair of valves. The circuit used, which incorporates 
direct coupling of the driver valve and negative feed 
back, overcomes the grid circuit forced oscillation 
troubles which invariably occur with transformer 
coupling. 


TRANSMITTING VALVES. 


Air cooled anode valves have been developed 
further and a range of thoriated tungsten filament 
valves designed. These have anode dissipations of 
150, 300 and 600 watts respectively. 

New transmitting triodes, both of glass and air- 
cooled anode construction, have been developed for 
wave-lengths of the order of a few metres. Forced 
air cooling promises to be of great value for such 
valves. 

An experimental investigation of grid modulation 
in magnetron valves at similar wavelengths has been 
carried out with satisfactory results. The design of 
high power magnetrons for wave-lengths of about 
1 metre for medical and other applications, are under 
investigation. 





Fig. 81--Automatically operated hydraulic 
moulding press. 


The fundamental study of the properties of 
valves and their associated circuits and of electrical 
measurements, particularly of voltage and of trans- 
mission line characteristics at very high frequencies, 
has been continued. 


HOT CATHODE MERCURY VAPOUR RECTIFIERS. 


Three new types of hot cathode mercury vapour 
rectifiers have been developed, the GU7, GU8 and 
GU9. The outputs from these types in a three phase 


full wave circuit are 144 kW at 12 kV, 200 kW at 
20 kV and 30 kW at 10 kV, respectively. 


MOULDED PRODUCTS. 


The rapidly expanding use of plastic materials 
has necessitated further extensions to the buildings 
and plant of the Witton Moulded Insulation Works. 
A complete plant is now installed for the manufacture 
of hard rubber battery containers in addition to 
the composition containers which are now being 
made in large quantities. 
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Fig. 82.—Automatically operated electric moulding 
press. 


Of considerable interest is the tendency to make 
the moulding operations entirely automatic so far as 
the time of “‘curing’’ is concerned. A much greater 
uniformity of product will be obtained if the time 
of cure can be taken out of the operator’s hands and 
automatically controlled on a cycle determined by 
experiment to give the best results. Two types of 
moulding presses have been developed in the works 
to embody this feature and are controlled by electric 
and by hydraulic means. In the case of the hydraulic 
press '®, fig. 81, electro-pneumatically operated gear 
has been designed which automatically governs the 
operation of the hydraulic valve gear. An electric 
time switch is set to the desired cycle, and controls 
the time during which the press remains closed. 
At the end of this period the press is automatically 
opened. 

The automatically operated electric press '’ has 
been designed for the production of small bakelite 


16—Patent No. 33936. _ 
17—Patent No. 419395. 
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mouldings in multiple impressions. In this case, 
the press is of the screw type, and is driven by 
individual motors, fig. 82. When the moulds are 
charged with material, the operator closes the guard 
and starts a time switch. This brings the motor 
into operation, which closes the press and maintains 
the pressure for a predetermined time, at the end 
of which the press opens itself. It has been found 
that this system not only simplifies and eases the 
task of the operators, but also results in a substantial 
increase in output and at the same time ensures 
the maintenance of high quality products. These 
presses have proved very successful in use, and a 
number of them have been installed in the works. 


BELL TRANSFORMER. 


A bell transformer is being manufactured which 
possesses new features. The instrument complies 
with I.E.E. Regulation No. 210, the secondary 
windings being protected by a small fuse in each 
of the three output leads which give a 4, 8 or 12-volt 
supply. An earth shield is also inserted between the 
primary and secondary windings. The transformer 
is thus adequately protected against faults developing 
in the bell circuit, including the leads to the bell 
pushes. The wiring on the primary side of the 
transformer is protected by the fuses in the main 
circuit, usually at the distribution board. 


PRIMARY BATTERIES. 


Progress in the design of batteries during the past 
year has been mainly in connection with batteries 
and cells for export, for the export trade represents 
a considerable proportion of the total output. 

An air-depolarized cell, known as the ‘“Atmos’’ 
cell, has been put on the market. This is the first 
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successful British air-depolarized cell to be produced 
and it is expected to have an important future. 


TORCHES. 


A new method of switching has been developed 
for use with large electric torches such as are used 
by cinema attendants, motorists, etc. The switch 
which is of simple construction and easy to manipu- 
late, is operated by the thumb and enables a spot- 
light or beam to be projected on any object. Flashing, 
focussing and lock-off are all accomplished by this 
same control. 


ELECTRIC LIGHTING ACCESSORIES. 


Several of the older types of accessories have 
been redesigned in order to reduce to a minimum 
the time required for connecting and fixing. A new 
bakelite ceiling rose 24in. diameter has been devel- 
oped and incorporates a loose non-rotating interior 
in which the feed wire and flexible conductor 
terminals are of solid one-piece construction. Also, 
to meet the gowing demand for accessories for use in 
the wiring of small property, a 2in. two-part ceiling 
rose has been introduced. Both these fittings are 
available in different finishes and either in two or 
three terminal types. 

The range of “‘Landor Junior’’ 2in. base switches 
has been extended to include flush pattern switches 
for fitting into shallow boxes for thin partition walls. 


An improved design of door switch with a bakelite 


housing has also been introduced. 

Extensions have been made to the range of 
switch-plugs to include types for small inexpensive 
installations, and in addition, the range of socket out- 
let and plugs have been increased to meet the demand 
created by the I.E.E. Regulations (10th edition). 
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Witwatersrand Gold Mining Practice. 


By THE ENGINEERING DEPARTMENT OF THE JOHANNESBURG BRANCH 


of the British General Electric Co., Ltd., South Africa. 
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By courtesy of ‘* The Star,” Johanneshurg 


Fig. 1..-The sky-line of Johannesburg, a city which has just celebrated its 50th anniversary. 


INTRODUCTORY. 


HE Witwatersrand (the ridge 

of the white waters) Main 

Reef Series was discovered 

about 1886, and have been pro- 
gressively mined since with yearly 
increasing gold outputs, except for 
a portion of the Boer War period. 
The Witwatersrand Series con- 
sists of quartzites and grits (banket). 
These are at present being worked 
for a distance of over 60 miles on 
the strike of the reef, and to a 
vertical depth of 7,000 to 8,000 
feet. As the Witwatersrand is 
about 6,000 feet above sea level, it 
follows that mining operations are 


The effect of world economic 
conditions in recent years on 
the price of gold, together with 
the recent celebrations in con- 
nection with the 5oth anniversary 
of the city of Johannesburg, 
have caused much attention to be 
focussed upon gold mining in 
South Africa. Therefore it has 
been felt that some description of 
gold mining practice on _ the 
Witwatersrand the _ most 
productive gold area in the world, 
would prove of interest. 


ee 


The gold output for the first 
few years was not accurately re- 
corded, but the acccmpanying 
chart, fig. 2, which has been 
compiled from the Chamber of 
Mines Reports shows the progress 
the industry has made in the 
past 47 years. 

In studying this chart it must 
be remembered that since 1932 
the price of gold has increased 
from 85/- to approximately 140/-, 
and for this reason the values of 
yearly production from 1932 on- 
wards show an enormous increase. 

The increased price of gold 
has brought about the opening 





being carried on about 2,000 feet below sea level. 

The dip of the reefs in the Central and Western 
Witwatersrand varies from vertical at the surface to 
30 degs. at 7,000 feet. The Far East Rand 
Reefs are much flatter, varying from about 
25 degs. to 30 degs. at surface to 9 degs. and flat 
at depth. 


up of large new areas to the east, and to the west 
and south of the reef, and it is safe to say that 
the area of the reef which will shortly be worked 
will be double that prior to 1932. In addition, 
it has been made possible to bring to the surface of 
existing mines low grade ore which, at the normal 
price of gold, would not have paid for mining. 





30 G.E.C. JOURNAL 


Under the Gold Laws of the Union, the owner- 
ship of minerals on unproclaimed ground in the 
Union of South Africa is vested in the Government, 
and the Government takes a share of the profits 
earned. This direct revenue obtained from the gold 
mining industry, in addition to other taxation, both 
direct and indirect, forms a very appreciable propor- 
tion of the total Government revenue from all 
sources. 


TRANSVAAL CHAMBER OF MINES. 


The Transvaal Chamber of Mines 1s an organ- 
ization representing all the companies engaged in 
gold mining on the Witwatersrand, having been 
formed to defend and promote the interests of all 
its members. The Chamber has organized and 
operated all the complex machinery which 1s necessary 
for obtaining native labour for the mines. It has 
also organized a dust-sampling department which, 
with the help of similar departments at each of the 
mines, has reduced the incidence of phthisis. 
Another of its important activities relates to the 
study of, and methods for the prevention of accidents, 
and in combination with the Government Medical 
Research to the hygiene of mining. 

The Chamber keeps a close scrutiny on all 
legislation proposed or passed by the Union Govern- 
ment or the Transvaal Provincial Council which 
may directly or indirectly threaten the stability of 
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the industry. This watching policy has been of 
immense benefit to the shareholders of the various 
mining companies. 
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Fig. 2.—Chart showing development of the South African 
gold mining industry during the past 47 years. 


THE VICTORIA FALLS AND TRANSVAAL 
POWER CO., LTD. 


The Victoria Falls and Transvaal Power Co., Ltd., 
which is known throughout the Rand as the ‘“‘V.F.P.,” 
was registered in 1906. It owns, and by arrangement 
with the Electricity Supply Commission, operates 
some of the largest power stations south of the 
Equator. 
























PRETORIA 
“>> 
LD 
WITBANK 
AREA 
RAND EXTENDED AREA OF SUPPLY 
" ' 
WITBANK @&, 
PINEDENE | ) 
/ OLIFANTSFONTEIN 
/ \ 
/ \ 
/ \ 
. 
/ FS BRAKPAN ‘ hi nn 
/ VENTERSDORP \y Penden + 7 
“ Brey VAKFONTEIN 
} 
NIGEL 
| HEIDELBERG / 
/ 
4 8 / 
| e on OTHAS x Raa / 
VEREENIGING gf ‘i, << ‘ / 
POTCHEFSTROOM oo aor BALFOUR / 
ks 
re) 
. . Re / 
= rf 
c 
a / 
/ 
. ( 
D © POWER STATIONS J 
fe) 
Z RAND EXTENDED AREA OF SUPPLY © TOWNSHIPS Sf 
x 
x 
10 0 25 50 75 
— t T t T t T _ 
SCALE OF MILES 








By courtesy of the Electrictty Supply Commisston, South Africa. 


Fig. 3..-Power network of the Witwatersrand area. 
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Fig. 4.— Surface workings of a Witwatersrand gold mine. 


The capacities of the stations owned by the 
V.F.P. are as follows :— 


Rosherville. . 60,000 kW 
Vereeniging 139,500 kW 
Simmer Pan 43,000 kW 
Brakpan ; 48,000 kW 


The power stations belonging to the Electricity 
Supply Commission but operated by the V.F.P. 
are :— 

Witbank Installed capacity 100,000 kW 
Klip .. Designed for an ultimate installed 
capacity of 350,000 kW 

The V.F.P. is largely responsible for supplying 
the power requirements of the 
Witwatersrand. Its principal power 
Stations are situated near the coal- 
fields of Witbank and Vereeniging, 
and the reef is covered with 
a complete distribution network 
(fig. 3), which in some ways may be 
compared with the Grid system in 
England. The Company’s latest 
power station has been erected at 
Klip, near Vereeniging, where the 
first generating sets are already in 
commission. This station will 
ultimately have a total output of 
350,000 kW. The coal supply to 
this station is drawn from the 
Springfield Colliery, situated along- 
side the power station. The coal is 
first of all washed by a “‘Chance”’ 
sand flotation plant, supplied by 
Fraser & Chalmers Engineering 
Works. The quantity of coal 
ultimately required by the station 
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will be of the order of 16,000 
tons per month. The water supply 
for Klip Station is pumped from 
the Vaal River, which is about 8 
miles away. 

In addition to power stations 
for the supply of electrical energy, 
the V.F.P. also operates a number 
of air compressor stations, whose 
sole purpose is to supply compressed 
air to the mines. These have a 
total capacity of 80,000 kW, the 
compressors being of the turbo- 
type, both steam and electrically- 
driven. 


POWER REQUIREMENTS. 


The enormous growth in gold 
mining activity has meant a big 
increase in power demand, and the 
present daily peak load of the 
V.F.P. is in excess of 400,000 kW. 

Certain of the larger mines still operate their own 
power stations, notably Randfontein Estates, the 
East Rand Proprietary Mines, and New Kleinfontein. 
In addition, a large number of mines operate their 
own compressed air plant, using both reciprocating 
and turbo-compressors. An example of a 300-drill 
turbo-compressor supplied by Fraser & Chalmers 
Engineering Works, installed at Randfontein Estates, 
is shown in fig. 5, while electric motor driven 
reciprocating compressors may be seen in fig. 7. 

All the mines have their own workshops, consist- 
ing of fitting and machine shops, blacksmith’s shop, 
carpenters’ shops, boilermakers’ shops, rock drill 





Fig. 5. Fraser & Chalmers turbo-compressor installed at Randfontein, 
delivering 30,000 cu. ft. of air per min. at 85 Ibs. per sq. in. 
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shops, and so on, while some of the larger mines 
have their own foundries. The mines are also 
equipped with fire-fighting apparatus. 

Well-equipped hospitals for Europeans and 
separate ones for Natives have been built on most 
of the Mines; in some cases, two or three adjacent 
mines have centrally placed hospitals for their 
combined needs. 


CITY OF JOHANNESBURG. 


Before passing on to a description of the Wit- 
watersrand Reefs mention must be made of the City 
of Johannesburg, which has just celebrated its 50th 
anniversary. Johannesburg is situated about the 
centre of the Reef, and is a most up-to-date city. 
Fig. 1 shows a typical sky-line of the city, and 
although this photograph was taken only recently, 
the enormous building activity has continued and 
many of the older buildings shown in the foreground 
of the photograph have been pulled down and are 
being replaced by modern, semi-sky-scrapers. In 
fact, the prosperity of the Rand has meant that the 
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City of Johannesburg is practically being re-built. 

Whilst the V.F.P. supplies the bulk of the power 
for the gold mines, and also to one or two of the 
outlying towns, the City of Johannesburg still 
maintains and operates its own power station. It 
may be noted that arrangements are in existence for 
interlinking between the V.F.P. network and the 
Jeppe Street Power Station, allowing for inter- 
change of power between the two systems when 
necessary. 

The Jeppe Street Power Station, which was built 
alongside an older power station which it supersedes, 
has an installed capacity of 70,000 kW. The turbo- 
alternator sets installed, which include three 10,000 
kW sets and two 15,000 kW sets of G.E.C.-Fraser 
& Chalmers manufacture are shown in fig. 8. Two 
25,000 kW sets are now under construction, and 
will be installed during the next twelve months. 
With the installation of the 25,000 kW sets, the station 
will reach its ultimate capacity of 120,000kW. It is 
interesting to note that the generated voltage of these 
25,000 kW sets will be 20,500. 
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Work is now proceeding on the electrification of 
223 track miles of the suburban Reef railway lines 
from Randfontein to Springs. The electrical power 
for operating this will be obtained from the Stations 
of the Electricity Supply Commission. 


THE WITWATERSRAND SERIES OF REEFS. 


The Witwatersrand series of reefs, fig. 6, 
consists of several distinct reefs, but the portions 
known as the Main Reef are those generally mined. 

The Main Reef consists of three reefs, i.e., the 
Main Reef, overlying which is the Main Reef 
Leader, and again overlying these two reefs is the 
South Reef. This formation particularly applies 
to the Central and Western Witwatersrand. 

The principal reef mined on the Far East Rand 
is now almost universally recognised as the Main 
Reef Leader. Overlying leaders have been developed 
recently and found to be payable, and are therefore 
being mined. 

There are other overlying reefs, such as_ the 
Bird Reef, Kimberley Reef, Black Reef, and the 


Battery Reef, which are also worked in various 
districts, but as the gold values are generally patchy, 
great care has to be taken that barren reef is not mined 
and milled. Very careful sampling of the reef in situ 
is required, therefore, before mining these reefs. 

All mines of the reef employ surveying and 
sampling staffs, who are engaged in following the 
development drives, rises and winzes, and seeing 
that the reef is not lost, especially when “faults” 
and “‘dykes’’ are encountered, as both these are 
liable to throw the reef off its normal position. 
Samples are taken every 5-ft. where the reef is 
exposed, and if the reef is over a certain thickness, 
two or more samples will be taken across the face. 
The sampler has to take accurate measurements 
of the width of the reef, and note any “‘faults’’ or 
‘dykes’ encountered. 

After arriving from underground, the samples 
taken are crushed and then assayed, and the sampler 
makes a carefully coloured sketch in his report 
showing all particulars of the ground from which 
the sample has been taken. 
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very important documents to the 
mine manager, as they enable him 
to see how the mine should be 
worked in order that an even grade 
of ore shall be brought to the 
surface for milling purposes. 


DRILLING. 


Hand-drilling was almost solely 
used when mining first started on 
the Witwatersrand. The drilling 
was usually performed by a native 
operator who used three or four 
pieces of Zin. steel, ranging in length 
from 2ft. to 5ft. 6ins. The drills 
were sharpened to a chisel edge, 
and gauged from liin. for the 
Starters, or shortest drills, to lin. 
for the longest drills. The dis- 


Fig. 7.—Two 835 h.p. G.E.C. synchronous motors driving Bellis & Morcom advantage of hand-drilling is the 


compressors at the West Rand Consolidated Mine. 


Stope sampling is continually carried out, and 
as the stope face advances the whole of the face is 
re-sampled at least once a month, and sometimes 
more often, as occasionally a block of ground which 
shows good values on the upper and lower drives, 
and in the winze, may be found after a period of 
working to contain lower values, and the stope 
becomes unremunerative. Every six months the 
surveyor brings up to date the mine development 
plan, and also the mine valuation plans. These are 


large labour force required in a 
large mine. Later, reciprocating drills 
were installed, but as these had to be mounted 
on a bar and cradle they were not efficient in an 
ordinary stope unless the reef was wide, so that 
these drills were mostly used for development work. 

Jackhammers were first introduced in 1907, 
but it was not until 1912 that a satisfactory drill of 
the hammer type came into use, and only in 1921 
was the jackhammer generally employed for stoping. 
The modern method for drilling development faces 
is by means of light and heavy drifters mounted on 





Fig. 8.—Interior of the Jeppe Street Power Station. This Station contains two 15,000 kW 
and three 10,000 kW G.E.C.-Fraser & Chalmers turbo-alternators. Two 25,000 kW, 
20,500 volt sets are now under construction for installation in the near future. 
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cradles and jack-bars. The drilling speed 
of the modern jackhammers and drifters 
is three to four times that of the older 
machines, and the drilling speed is constantly 
being increased by drills of improved 
design. 

It should be mentioned that the 
increase in drilling speed has been obtained 
not only by means of rock-drilling 
machines, but also by (1) improvements 
which have gradually been made in the 
drill steel, (2) by reducing the gauge of the 
bits and better methods of forging and 
hardening them, and (3) by improving the 
quality and structure of the drill steel. 


seus 


Fig. 9._-Fraser & Chalmers steam winders for the West Springs mine, 
No. 2 shaft. View taken during construction. 


The modern method of sharpening the four- 
point cruciform bit, which is in general use today, 
is to forge it by machine to the correct shape and 
finally grind it while hot for finishing to gauge 
and giving correct clearances before hardening. 
This grinds away the faces of the bit which have 
become decarbonized due to overheating, and leaves 
a new face. This method has been found to give a 
longer life to the bit, and enables it to drill a greater 
number of inches per shift. 


BLASTING. 


After the holes have been drilled to the desired 
depth, the miner clears them out and proceeds to 
charge them with explosives. The art of good mining 
depends on the amount of explosive used by the miner 
for the varying conditions, i.e., the depth of hole and 
the amount of burden which the hole carries, 

Blasting gelatine, is mostly used in blasting the 
“round” of development ends. Gelignite is generally 








By courtesy of the Chamber of Mines, Johannesburg. 
Fig. 10.—A native drilling the rock in 
a Witwatersrand gold mine. 


used for stoping operations. Many 
other types of explosives have been 
tried on these fields, but most of 
them have failed to fulfil the duties 
required. Experiments have been 
carried out with liquid oxygen; this, 
under the best conditions, gives 
excellent results, but so far has 
not been generally successful 
under ordinary working conditions. 
Further experiments are being 
carried out and may lead to 
ultimate success. 


LASHING. 


After blasting has taken place 
and the air in the mine cleared of 
fumes, the lashing of the broken rock 
into trucks or other receptacles begins. In develop- 
ment ends, the broken rock is partially lashed aside 
to allow a track to be laid either for a truck which 
is filled by hand, or a mechanical lashing machine, 
which is moved into position so that a truck can be 
run underneath it and filled by means of a scraper 
shovel or grab bucket. 

Lashing in stopes depends on the dip of the reef. 
With vertical stopes and those down to about 55 degs., 
little or no lashing is required, but on flatter ground 
lashing is necessary and, in narrow stopes, becomes 
very laborious work for hand shovelling. One 
method is to have stope tracks placed about 80 feet 
apart, connected by means of points and crossings 
to a main track in the original winze. As the stope 
face advances the stope tracks are also advanced. 

Specially low trucks are often used in these 
stopes, and are man-handled to the main track, 
where they are attached to a rope which is pulled 
up by an air or electric winch to the level above, 
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or lowered to the level below, and then trammed 
to the main shaft ore bins. 

The more modern method is to use a scraper 
hoist which scrapes and collects the broken rock 
either into trucks, or into a box-hole in the footwall 
of the stope. From the box-hole or small bin the 
rock is run into trucks, which are trammed to the 
main shaft ore bins. 

On reaching the main shaft the broken rock is 
tipped into an ore bin holding 1,000 or more tons. 
Thence it is fed to a measuring bin, designed for hold- 
ing the exact amount necessary to fill the skip attached 
to the rope of the rock hoist, which hoists the rock 
to the surface, as described later in this article. 
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Fig. 11.— Twin G.E.C. 1,250 h.p. direct 

current motors driving cylindro- 

conical drum winder at the West 
Rand Consolidated Mine. 

In some of the larger mines, 
underground haulages are installed 
on the main levels to haul 
large tonnages of ore which are 
collected at various points. These 
haulages are of various designs to 
suit prevailing conditions, and 
mainly consist of :— 

l. Electric locomotives with 
overhead trolley wires. The 
locomotives haul trains of 8 
to 10 trucks. 

2. Electric locomotives  pro- 
pelled by means of storage 
batteries. 

3. Main and tail haulages. 

4. Endless rope haulages. 

5. Mule and/or pony haulages. 


Fig. 12. 
There are also many under- . 
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ground electric hoists hauling rock up underground 
vertical and inclined shafts. The rock is then 
trammed to the ore bins situated in the main 
shafts leading to the surface. Small air and electric 
hoists are used in large numbers to act as feeders 
to the larger units. 


PUMPING. 


Considerable quantities of water have to be 
handled in most of the mines. In development ends 
which are being advanced, air pumps are generally 
installed. These pump the water to sumps, which 
feed larger electrically-driven centrifugal or three- 
throw reciprocating pumps, which in turn pump the 

water to the main pumps. The 


a ae latter force the water in one or 


more lifts to the surface. The large 
pumps are frequently of the 
15-stage centrifugal type driven by 
1,500 h.p. electric motors. 

In some mines the quantity of 
water to be pumped every year is 
very large, one mine pumping about 
5,000,000 gallons per day. 


SHAFTS. 

When mining was first started 
on the Rand, inclined shafts were 
generally sunk from the outcrop 
following the dip of the reef, but 
when the deep level mines began 
to open up, vertical shafts were 
sunk, some with three rectangular 
compartments, others with five or 
seven compartments. 

The seven-compartment _ shaft 
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1,550 h.p. G.E.C. alternating current winder motor driving 
cylindro-conical drum winder at Crown Mines. 
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generally contains four rock-hauling compartments, 
two for men and materials, and one for the rising 
water columns, air mains, electric cables and ladder- 
ways, the latter being compulsory on at least one 
shaft in every mine. 

At the points where the first vertical shafts inter- 
sected the reef at depth, the shaft was sometimes 
continued as an incline on the dip of the reef, and 
combination vertical and incline skips were used. 
These have now nearly all been discarded, as it was 
found from experience that a great many accidents 
occurred, and wear and tear on the winding ropes 
were excessive. There were also frequent derail- 
ments on the incline shaft, of which the winding- 
engine-driver on the surface did not always become 
aware until considerable damage had been done. 

The majority of the shafts sunk in recent years 
have been of the seven-compartment vertical type, 
either rectangular or circular in section. The 
finished inside diameter of the circular type is from 
12 to 26 feet, while the dimensions of the rectangular 
type are about 45ft. by 9ft. 

Although only a few circular shafts were sunk in 
the past, mainly for ventilation purposes, it is now 
felt that the circular shaft for main rock hoisting 
has several advantages where bad or water-bearing 
ground is encountered. The reason for this is that 
where concreting is carried out over a bad section, 
the circular formation has an inherently greater 
resistance to the bursting forces. 

During the last few years there has been a change 
in the general opinion held regarding the maximum 
depth that can be worked for a single shaft. At Sub 
Nigel, a shaft has been sunk to 6,300-feet in one 
lift, and at West Springs, a shaft is being sunk to a 
depth of 6,600-feet ; this latter will be the deepest 
single vertical lift in the world. Both steam and 
electric winders are employed, depending upon 





Fig. 
one of three installed at the Crown Mines. 
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13.—Fraser & Chalmers cylindro-conical drum hoist, 
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conditions. Fig. 9 shows steam winders which are 
working at the West Springs shaft. Another example 
of modern winding practice is illustrated in fig. 11. 
This is one of two winders installed in the West 
Rand Consolidated Mines, the winders being con- 
trolled on the Ward-Leonard system, and provided 
with two geared motors. 

One of the factors which has made this greater 
depth of winding possible in a single stage is the 
lower factor of safety which is now permitted by the 
Mines Department. It is well known that rope 
deterioration occurs just above the point of attach- 
ment to the skip, and as this is where the factor of 
safety is at its best, it is found that the lower factor 
of safety at the upper end of the rope does not impair 
the life and safety of the rope. 

In many mines, sub-vertical shafts have been 
sunk to intersect the reef at 8,000 to 9,000 feet 
from the surface. Due to the depth and dip of the 
reef, this means that the sub-vertical shaft may be as 
much as one mile from the main vertical shaft, and 
the rock has to be trammed between these two 
points. This procedure as worked out on the Crown 
Mines has led to the sinking of a second series of 
sub-vertical shafts, and hoisting is actually carried 
out in three stages. 

A Ward-Leonard controlled hoist has just been 
installed underground at the Robinson Deep. This 
hoist is installed 6,000 feet below the surface. One 
of the features in the design of the motor-generator 
set is the special ventilating arrangement to ensure 
silent running, which has proved very successful. 

One of the difficulties encountered in sinking 
shafts to-day, particularly in the outlying districts, is 
due to water. There are several shafts which were 
partly sunk years ago but which had to be abandoned 
because the water could not be handled. Attempts 
are now being made with modern methods to 

re-open these shafts and to continue 
| sinking operations. The water-bearing rocks 

are the upper dolomite series above the 
sedimentary rocks overlying the reef, and 
this dolomite has a varying thickness 
up to 600 feet. As is generally known, 
dolomite is a type of limestone, and the water 
breaks through in numerous fissures which 
are intersected during sinking. In some 
cases soft ground is encountered in the 
upper dolomite, and where water breaks 
through in these cases it is liable to become 
progressively worse as the water channels 
increase in size. When the water which 
comes from the rock fissures becomes too 
great to handle with pumps, the cementa- 
tion process is usually employed for sealing 
the water off. Cement in a fluid state is 
pumped into the fissures until the pressure 
rises sufficiently to hold the water back. 
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Where bad ground is encountered the whole ground 
over the bad section has to be concreted. This is 
partly to prevent deterioration of the rock face due to 


exposure, and partly to prevent the ground from caving. 
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Fig. 14.—1,250 h.p., 2,200 volt G.E.C. fan motor at Brakpan 


Mines driving a mine ventilating fan. 


The sinking of modern shafts entails very heavy 
expenditure, and this, together with the money 
required for reduction plant very 
often involves a capital expenditure 
of from two to three million pounds 
before the mine begins to produce. 
Sinking is therefore carried out as 
rapidly as possible, and attempts 
are usually made to arrange three 
blasts per day. Each blast comprises 
a sequence of drilling, charging with 
explosives, blasting, waiting for fumes 
to clear, and then lashing the rock 
into the skips. The progress made 
each day varies considerably de- 
pending upon conditions; it may be 
as much as 10 feet under favourable 
conditions. 


MINE VENTILATION. 


As mining is now being carried 
out in the deeper levels to depths as 
much as 8,000 feet below the surface, 
considerably greater care is necess- 
ary in ventilating the workings. It 
is not so much the very high temperature at the 
lower levels which makes working conditions difficult 
for the miner, but it is the high temperature in 
conjunction with a very high degree of humidity 
which presents the problem. The degree of comfort 
in these working conditions can be measured by the 
difference between a dry and wet bulb thermometer, 
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or in other words, when the rate of evaporation from 

the human body is handicapped by a high degree of 

humidity then working conditions become difficult. 

Cases of heat stroke under these conditions are not 
unknown. 

An interesting development recently intro- 
duced by the Anglo-American Corporation, 
which should go a long way towards 
improving working conditions in these deep 
levels, comprises a scheme for introducing 
de-vaporized cool air intothe mine. The air 
is first of all compressed in the usual way and 
the de-vaporizing section of the com- 
pressing plant comprises an over-compression 
unit which partially reduces the moisture 
in the air, after which the air is cooled and 
expanded in an expansion unit coupled to 
the compressor where part of the work of 
Over-compression is recovered. The expan- 
sion stage is so arranged that the temperature 
of the air is brought down to 32 degs. F., 
where further moisture is deposited. The 
air is then taken through the heat exchanger, 
where the air from over-compression is cooled, 
and the de-vaporized air is brought back to 
approximately atmospheric temperature. The 
devaporized air is then taken down the mine for doing 
useful work underground. A point to be noted is 





Fig. 15.-—-Sorting belts at the West Rand Consolidated Mine illuminated 


by ‘‘Osira’’ lamps. 


that in order to add what is now termed ‘‘coolth’’ to 
the mine, by this means, the work done must be 
against gravity so that it is not dissipated in heat. 
If the work were not done against gravity, the heat 
produced would balance the effect of the cold air 
from the exhaust. This scheme offers many 
advantages, the most important being that dry air 
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can be expanded further to do work than saturated 
air, and the cooled air produced is in the form 
of transmissible coldness to a point where it would 
be necessary, such as development ends. 
Although the air may become warm in its 
transmission it is still dry at the point of 
entry into the mine atmosphere, thus 
creating a more favourable set of conditions 
in which to work. There are many other 
schemes for cooling mine air such as under- 
ground refrigeration and the like, but these 
do not offer the advantage of de-vaporized 
air of transmissible coldness. The whole 
problem of mine ventilation at deep levels 
is being closely studied and there is no 
doubt that as experience is gathered, even- 
tually the problem will be solved. 


SORTING AND CRUSHER STATIONS. 


The rock in the skips, after reaching the 
surface, is generally tipped into headgear 
bins, and thence it is conveyed in 40 to 
50-ton hopper trucks to the sorting and 
crusher stations, where it 1s first roughly 
screened into the sizes and then washed to 
eliminate the fines, and also to enable the native 
sorters to pick out waste rock. This sorting 1s an 
important item in the reduction process, as it 1s 
extremely wasteful to crush barrenrock. The average 
amount of waste rock sorted out is about 12 per cent, 





Fig. 16. 


although in some mines this figure is much greater. 

The method of sorting is to feed the washed 
ore on to slowly running conveyor belts, which are 
usually 36ins. wide. Natives stand at each side 
and pick off the waste pieces of rock and drop them 
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A line of 250 h.p. G.E.C. motors driving tube mills through 
reduction gears at the Daggafontein Mine. 


into a waste bin below the belts. It is interesting 
to note that the use of ‘‘Osira’”’ lamps for lighting 
the belts has greatly improved the efficiency of 
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By courtesy of the South African Railways and Harbours. 
Cyanide tanks at a gold mine. 


Fig. 17. 
hand sorting. A sorting belt illuminated by ‘‘Osira’”’ 
lamps is shown in fig. 15. 

The larger lumps of ore are sent direct to the 
primary tube mills, where they are used as the 
grinding medium. Smaller rock,—minus 6ins.—is 
crushed in secondary crushers of the 
gyratory or jaw type to minus 3in., 
and afterwards it is fed on to a 
“fines’”’ belt which elevates it to the 
tube mill storage bins. Ultimately 
it is fed to the tube mills. Cyanide 
solution is added at the head of the 
tube mills. 

Modern practice is to run the 
tube mills in a closed circuit with 
+ either a ‘Dorr’ rake classifier or a 
McLean spiral classifier. In either 
method, the fine slime overflows, 
while the coarser product, which 
has escaped from the tube mill, is 
returned to it for further grinding. 

The fine slime overflow from 
the classifiers is elevated by means 
of centrifugal sands pumps to the 
secondary bowl classifiers, the over- 
flow from which goes direct to 
the slimes plant, while the under- 
flow goes to the secondary tube 
mills in which it is re-ground. The grinding 
medium in this case comprises steel balls or 
“reject pebbles’ from the primary tube mills. 

The discharge from the secondary tube mills is 
pumped up to a secondary bowl classifier, and the 





60 G.E.cC. JOURNAL 


underflow to the tertiary tube mills, where it 1s 
re-ground. The discharge is pumped to the second- 
ary bowl classifier, thus forming a closed circuit. 
The overflow from the secondary bowl classifiers 
flows in launders by gravity to the collecting 
and treatment plant. The collecting plant 
usually consists of conical bottom steel tanks 
(fig. 17) about 70ft. in diameter with a centre 
discharge pipe and a rim launder to take off 
the excess solution. The mill pulp is dis- 
charged near the centre of the tanks, the slime 
settles, the clear solution overflows into the 
rim launder, and is returned to a return- 
water storage tank for further use. 

As soon as the settled slime reaches a 
certain height in the collecting tank, the pulp 
supply is diverted into another empty tank ; 
the remaining water is decanted and cyanide 
solution pumped into it. The settled charge 
is then transferred through a pipe from the 
centre of the conical bottom of the tank con- 
nected to a slimes pump, which discharges 
the pulp to the top of the Pachuca treatment 
tanks, 
diameter and 45 feet high, and the pulp is 
agitated in these tanks by means of compressed air. 

After being agitated for the necessary length of 
time, the pulp is transferred into the stock pulp 
tank feeding either a continuous or intermittent 
filter plant. The function of the filter plant is to 
draw off the gold-bearing solution from the slime, 
but before the slime is discharged to the slimes dam 
it is generally washed with a barren solution, and 
sometimes again with water, to make sure that no 
gold is left in it. These barren solutions together 
with the water are conserved and used again for 
similar operations. The dried slime is again made 
into a pulp with added water and then pumped to 
the slimes dam. 





By courtesy of the Chamber of Mines, Johannesburg. 


Pouring refined gold at the Rand Refinery. 


Fig. 18. 


These are from 15 to 20 feet in Fig. 19.—500 h.p., 3,300 volt, 107 r.p.m., G.E.C. synchronous motor 
driving stamp mills at the East Rand Proprietary Mines. 
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The gold-bearing solution 1s pumped to the 
clarifying tanks, where it is filtered free of any 
particles of slime by passing through a bed of river 
sand and also jute and canvas filter mats. From the 





clarifying tanks the solution gravitates or is pumped 
to the vacuum plant, which extracts the air from 
the solutions, as it has been found in practice that 
air is a deterrent to the cyanide solution process and 
hinders precipitation. The solution is now mixed 
with fine dust, added continuously in small quantities 
as the gold solution enters the filtration unit. 

The gold-free solution is sucked through the 
filters, leaving the gold slime in cake form. The 
gold slime cake is removed from the filter as required, 
treated with sulphuric acid to remove excess of 
zinc, pressed in a filter, and sent to the smelting 
house for further treatment. Zinc sulphate solution 
is produced by this acid treatment, and 1s afterwards 
used for impregnating mine timbers, thereby 
greatly prolonging their life when used 
underground. 

The gold slime cake, containing about 10 
per cent of gold, is placed in pans, which are 
placed in a calcining furnace. The resultant 
powder is mixed with litharge and carbonate 
of soda, and is then charged into a 
reverberatory furnace where great heat is 
maintained for 12 to 18 hours. The 
resultant products are lead bullion, containing 
the gold, and slag which contains the 
impurities. This slag is later broken up and 
re-smelted in a blast furnace to recover any 
remaining gold. The lead bullion is treated 
in a cupel furnace, where the lead is removed 
as litharge, and the separate gold remaining is 
re-melted, cast into bars, and sent to the Rand 
Refinery for further purification (fig. 18). 
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The gold as it leaves the various mines is not of 950 per 1,000 fine. At the refinery, this is brought 
uniform quality and purity, and is not in a market- up to 995-5 per 1,000, the remaining portions 
able form. All the gold from the various mines is consisting of silver and dross. 


The foregoing description is of a typical 
reduction plant employing the latest pro- 
cesses, in which no free milling gold is 
caught by means of concentration and 
amalgamation. The majority of the mines 
on the Witwatersrand, 1.e., all the older 
mines, still use stamp batteries followed 
by tube mills, and at a certain stage 
(generally after having passed through 
. the tube mills) concentrates are collected 
i by means of concentrating tables and similar 
Ly methods, and are then re-ground in ball 
= mills, towards the end of this grinding 
: process, mercury is introduced into the ball 
mills, and any coarse or free gold is caught 
by the mercury. The resulting amalgam is 
then retorted to vaporize the mercury, 
which is condensed for further use. 
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Fig. 20..-One of the many G.E.C. switchboards installed on the 


Rand. This truck board is at Springs Municipality. The sponge gold remaining is melted 

down in crucibles with borax added as the 

therefore sent to the Rand Refinery, where it is fluxing medium. It is then cast into bars, and 

refined and cast into ingots for shipment. The sent to the Rand Refinery for further treatment, 
gold as it leaves the mine varies between 850 and as previously described. 





Turbo-Blower for Blast Furnace. 
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Fraser & Chalmers _§ turbo- 
blower installed at the blast fur- 
naces of Guest, Keen, Baldwin’s 
Iron and Steel Co., Ltd., Cardiff. 
It is designed to deliver up to 
50,000 cubic feet of air per 
minute at between 10 and 20lbs. 
per sq. inch. The turbine is of 
the high pressure impulse type, 
steam being supplied at 140lbs. 
pressure at 410 deg. F. 
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Notes on the Calculation 


of Network Short Circuits. 


I. INTRODUCTION. 


HE method of calculating 
network short circuits 
described in these notes 

is that using “equivalent impe- 
dance.”” The principle is that the 
generated voltage of each alternator 
feeding into a fault is assumed to 
remain constant, while the react- 
ance of the machines and the 
impedance of the conductors 
between the alternators and the 
fault are represented by the sum 
of a series of “‘equivalent imped- 
ances,” which are calculated 
according to the formulae given. 
Inasmuch as the “equivalent im- 
pedances” are referred to a 
standard reference capacity ex- 


By C. J. O. GARRARD, M.Sc., A.M.I.E.E. 
Switchgear Dept., Witton Engineering Works. 
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In the G.E.C. Journal,Vol.VII., 
Nos. 1, 2 and 3, the method of 
testing oil circuit breakers for 
breaking capacity has been des- 
cribed and it has been shown clearly 
that circuit breakers which have 
passed the tests may confidently 
be relied upon to function correctly 
in service on any short circuit 
within their rated capacity. 

The problem arises, however, 
as to how the short circuit 
characteristics of any particular 
transmission or distribution net- 
work may be calculated so that 
circuit breakers of _ suitable 
breaking capacity may be in- 
stalled. The author deals with 
this problem in the following 
article, illustrating the calcu- 
lations with numerous examples. 


The symmetrical short circuit 
current is the initial value of the 
alternating component of the 
current, that is, it does not include 
the momentary direct current 
transient that flows in two or more 
phases at the beginning of the 
short circuit. The effect of this 
transient, in the worst case, is to 
increase the R.M.S. value of the 
short circuit current during the 
first cycle of the short circuit to 
about 1°8 times the value given 
by the formulae below ;_ the 
transient disappears, however, in 
a few half cycles and may usually 
be neglected in specifying the 
breaking capacity of a circuit 
breaker. 


pressed in kVA, and the short SE AE a, 


circuit power is calculated by dividing the 
reference capacity by the equivalent impedance, it 
is not necessary during the calculations to take 
any account of whether or not all the parts of the 
system being calculated have the same service 
voltage. 

A synopsis of the theory on which the calculations 
are based is given in Appendix I. It is easier, how- 
ever, to understand it by working through the 
examples under section XIII. of this article. These 
have been chosen to illustrate every point mentioned 
in sections I. to XII. The numbers in brackets on 
the left hand side of the text of the examples refer 
to the numbers of the formulae in sections I. to XII. 


Il. SYMMETRICAL AND UNSYMMETRICAL SHORT 
CIRCUIT. DECREMENT. MAKING CURRENT. 


The short circuit power (kVA,,) as given by the 
method outlined below is the product of the R.M.S. 
or effective value of the symmetrical short circuit 
current, the R.M.S. system voltage and the phase 
factor 4/3. The calculations are applied to a three 
phase circuit, but may easily be modified to apply 
to any other type of circuit. 

1 The expression “short circuit power” is used in preference to “short circuit 


capacity” as the latter expression is frequently used to denote the capacity of 
apparatus to withstand the effects of a short circuit. 
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On the other hand, if a circuit 
breaker is closed upon a short circuit, the initial 
current that flows is increased by the direct current 
transient, so that the breaker must withstand the 
electromagnetic forces and heating due to a 
peak current equal to ‘42 x 1-8 = 2-55 
times the R.M.S. short circuit current given by 
the formulae. The making capacity current of 
the circuit breaker, therefore, may not be less 
than 2-55 J.-. 

Due to the armature reaction of the altern- 
ators, kVA... is not constant during the first 
few seconds of the short circuit, but decreases 
and becomes constant at the end of 1 to 3 
seconds. A method of allowing for this decrement 
is given in section XII., but in the selection of 
circuit breakers it is generally safer to ignore the 
decrement and use the value of kVA... given by 
the formulae. 

Occasionally, (e.g., with very rapidly operating 
breakers), it is necessary to take into account the 
direct current transient in specifying the breaking 
capacity, and in such cases a value greater than 
kVA... must be called for. The method of calcula- 
tion given in section XII. may also be applied 
to find the correct value of kVA... taking into account 
the direct current transient. 











NETWORK SHORT CIRCUITS 


111. SHORT CIRCUIT POWER (kVA,,). 


The short circuit power in kVA is given by :— 


kVA,.100 


kVA... - : oe ee 


where :— 
z — equivalent impedance of network between 

the point of supply and the short circuit. 
reference short circuit power, in kVA, to 
which the equivalent impedance z is 
referred (in this article kVA, is always 
10,000 kVA unless otherwise stated). 

The short circuit power is calculated by formula 
(1) and from it the short circuit current may be 
obtained by means of formula (2). 


kVA. 


kVA... 
Isc = 3 KV (2) 
Where 
Is, symmetrical phase short circuit current, 
in amperes. 
kV = normal line voltage of the system at the 


point at which the short circuit occurs, 
in kilovolts. 


IV. EQUIVALENT IMPEDANCE, Z. 


Each alternator or synchronous machine con- 
nected to a network, each section of transmission line 
and each transformer and choke coil forming the 
network has an equivalent reactance and/or an 
equivalent resistance, which may be calculated 
according to the following rules. 
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The equivalent impedance per phase to be used 
for calculating kVA... is given by :— 
z=vr+x 
Where r 


x = total equivalent reactance. 


total equivalent resistance, 


The quantities z, r, and x are all referred to 
kVA, and may be combined according to the rules 
given under sections IX. to XI. In cases where 
there are no long transmission lines, and where the 
system voltage is not less than say 6-6 kV, the 
ohmic resistance may be neglected in short circuit 
calculations. Some caution, however, should be 
cx2rcised in using this approximation. 


V. EQUIVALENT REACTANCE OF ALTERNATORS 
AND SYNCHRONOUS MACHINES, x, 


For any synchronous machine, the equivalent 
reactance, 


kVA, 
% = KVA,, | ° ©) 
Where kVAr = reference kVA, 
kVA, = normal full load kVA of the machine, 


e, = percentage leakage reactance of the 
machine. 


The reactance e, is a design constant and is given 
by the makers of the machine. If it is not known, 
an approximation may be made by taking the average 
value from Table I. 








LIST OF SYMBOLS USED IN CALCULATIONS. 
kVA... = Symmetrical short circuit power x, X, X,, xX, ! Equivalent reactance and resist- 
in kilovolt-amperes. r,v, v., T, | ance of alternator or synchronous 
kVA,,., Short circuit power in kilovolt- motor, transformer, choke coil and 
amperes taking into account the transmission line respectively. 
effect of the asymmetrical short e, e — Percentage leakage reactance of 
circuit current and the decrement. alternator or synchronous motor, 
kVA, Capacity in kilovolt-amperes to and transformer. 
which equivalent reactances and ej Percentage reactance of choke coil. 
resistances are referred (kVA, = @,, e,) - Percentage resistance and reactance 
10,000 in this article). voltage drops of transmission line 
kVA); Full load capacity in kilovolt- or cable. 
amperes of the apparatus. f = Ratio between total equivalent im- 
Tey = Full load current in amperes. pedance of system and total equiv- 
I 5¢ = Symmetrical short circuit current alent impedance of alternators. 
in amperes. d = Factor by which kVA,, is multi- 
kV = System line voltage in kilovolts. plied to obtain kVA<;-;. 
zxr = Equivalent impedance, reactance x Vr = symbols used as_ suffixes to 
and resistance referred to kVAz,. distinguish numerical values of 
ZX R = Impedance, reactance and resist- equivalent reactances and resist- 
ance in ohms. ances. 
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VI. EQUIVALENT REACTANCE OF TRANS- full load current, as percentages of the normal phase 
FORMERS, x,. 
For any transformer the equivalent reactance voltage Je 
kVA, (4) r) — _ kVA, P R (7) 
xX = f é o-* o° 2 
RIAs, 10.kV 
kVA, 
Where kVA, = reference kVA. = , er 7” (8) 
V3 + Ley kV 
kVA,, = normal full load of the transformer. EVA 
e, = percentage leakage reactance of the x= 19 evi xX ., . . (9) 
transformer. , 
kVA, (10) 
, , = a 
The reactance e, is a design constant given by the /3.In,.kV ** 
TABLE I, 
Reactance in per cent, referred to actual kKVArL of machine. 
kVA», 100 200 300 400 500 750 1000 2000 3000 4000 5000 7500 i0,000 20,000 150,000 
Salient 
Pole 
Alternators 10 10.5 11 11.5 12 13 14 15 15 
and 
Motors 
Turbo- 
alternators 10 10.5 11 12 13 13.5 14 14.5 15 16.5 18 ’ 
| Teane- | 7 
formers 4.5 5 o.0 2.5 6 6 6.5 7 7.5 8 8.5 9 10 10 











makers; approximate average values are given in 


Table I. 


VII. EQUIVALENT REACTANCE OF CHOKE COILS, 


XxX 


che 

The reactance of a choke coil may be given as X 
ohms, ore,, percent. Ifthe reactance is given as e,,, per 
cent it means that the voltage across the choke when 


€. 
the normal full load current passes through it is 1 = 
times the system phase voltage, 73 
The equivalent reactance 
VAR xX 5 
Xn, = 10. kV" ile ( ) 
as niin + Cup -- .- (6) 
V3.1, kV 
Where X = reactance of choke coil in ohms, 
é.,, = reactance of choke coil in per cent, 
kVA, = reference kVA, 
Iz, = normal full load phase current, in 
amperes, 
kV = normal system line voltage at choke 


in kilovolts. 


Note.—v 3.J;-,;.kV = kVA,, is the normal kVA 


that the choke is designed to carry, and is occasionally 
used to define its capacity. 


VII. EQUIVALENT RESISTANCE AND REACTANCE 


OF TRANSMISSION LINES, Ir, and X, 

The resistance and reactance of transmission 
lines may be expressed in ohms (R and X), or in per 
cent (e,, and e,,). 

The percentage values denote the resistance and 
reactance voltage drops in the line on the passage of 


Typical values of r,; and x, referred to 10,000 
kVA are given in Tables II. and III. for transmission 
lines and cables at various standard voltages. 


Ix. COMBINATION 
REACTANCES. 
The expressions given in this and the next 
section apply only to equivalent reactances alone or to 
equivalent resistances alone. Methods for combining 
equivalent resistances with equivalent reactances are 
given in section XI, 
The expressions may only be used if all the 


OF EQUIVALENT 


TABLE II,” 


Equivalent reactance per phase per mile of overhead 
transmission lines, referred to 10,000 kVA. 














8 Cross Section of Conductor in sq. in. — 
kV ,, wood 
05 | 0.1 | 0.15 | 0.2 0.25 | 03 0.4 | Poles. 
3.3 \s7 54 51 50 49 48 46 7 
6.6 /14 14 13 13 12 12 12 l 
1] 9.2 5.0 4.8 | 4.6 4.5 4.4 4.3 0.4 
22 | Bot 1.3 &. -. FF. 1.1 1.1 0.1 
33 | 0.61 0.58 0.56 0.54 | 0.53 0.52 0.51 .03 
44 0.35 0.33 0.32 0.31 0.31 0.30 0.29 .O15 
99 —0.23 0.22 0.21 0.20 0.20 0.20 0.19 .O1 
66 0.16 | 0.15 0.15 0.14 0.14 0.14 0.14 .006 
88 .093 088 086 084 082 .081 .079 .002 
110 .061 058 056 055 054 053 052 .001 
132 .043 | .041 | .040 039 .038 037 036 ; 
165 .028 027 | .026 .025 .025 .025 .024 
220 .016 .O15 O1IS | .O1S5 | .014 014 014 
} 
The figures given apply to lines with steel towers. If wooden poles are 
used subtract the amount given in the extreme right hand column. 
2 This Table and Table III. are reproduced by kind permission from ‘‘Calcu- 
lation and Design of Electrical Apparatus’”’ by W. Wilson, D.Sc. (Pitman) 
+ Ifa transmission line or cable the nominal voltage of which is kV, is used 
at a service voltage kV, the resistances and reactances ot Tables Il. and III. 


must be :nultiplied by “ate 
kKVsf" 
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equivalent reactances and resistances are referred to 
the same reference capacity, kVA,. 


(a) Equivalent Reactances in Series. 


If equivalent 


reactances X,, 


“e+ + © @ 

















connected in series, the resultant equivalent reactance 
1S :— 


+x, .- (11) 


. = 2-2 2 @ 


(6) Equivalent Reactances in Parallel. 


If equivalent reactances x,, x.,...... X,are 


65 


(c) Conversion of Star Connection to Delta Connection 
and vice versa. 


If three equivalent reactances are connected in 
star, they may be converted into a precisely equivalent 
delta connection, and vice versa. 

If x.,, X.. and x,, are connected in star, fig. l, 
the corresponding reactances in the delta connection 
are :— 


Xj ¢ Xsn T Xso - X53 TT X53 + Xs: 
xu = 
Xs) 
X | X52 X52 ° X53 T Xs: ° Xs) 
Xa (14) 
7 XxX. } 
X | e X52 | X» ° X53 T X53 ° Xs) 
Xi — 
x 


Similarly, if x,,, Xj. and x,; are connected in delta 
the corresponding reactances in the star connection 
are :— 





Xaz + Xa 
—* Xa + Xaz + Xaz 
a Xi + Xa3 .. (15) 
— Xa + Xa + Xap 
7 Xii + Xa2 
= Xa, + Xa + Xas 


X. COMBINATION OF EQUIVALENT RESISTANCES. 














s for the combina- 
connected in parallel, the resultant equivalent _ Exactly the same rules spPry . . “ ‘ 
reactance 1s :— tion of equivalent reactances (formulae (11) to (15) ). 

x= XI. COMBINATION OF EQUIVALENT REACTANCES 
] ] WITH EQUIVALENT RESISTANCES. 
+ + ; wi 12 ey 
xX; x, 2 (12) The combination of equivalent reactance (x) with 
TABLE III. 
Equivalent resistance and reactance per phase per mile of standard, paper insulated cables, 
50 cycles referred to 10,000 KVA. 
| 
kV»! 
Cable 
Cross | 0.44 0.66 2.2 3.3 6.6 11 33 66 | 132 
Section) 7 7 ; = | 
” ds ee es 7" 4 < s | 7. a eile: 
0.075| 2640 594 | 1175 272 | 106 26 (47 «12 | 11.8 3.2! 4.3 1.3 | 0.47 0.18 |0.12 0.053 
0.1 | 2200 584 575 264!) 88 25.5 39 12 9.7 3.1) 3.5 1.2 | 0.39 0.17 |0.097 0.044, — — 
0.15 | 1520 568 | 675 255 61 24.5 | 27 11 6.7 3.0) 2.4 1.2 | 0.27 0.16 9.067 0.044,0.016 0.0080 
0.2 | 1120 564; 500 253! 45 24 20 11 5.1 2.9 1.8 1.1 | 0.20 0.15 0.051 0.042/0.012 0.0078 
0.25 | 900 55 400 251 | 36 23.5) 16 11 3.9 2.8 1.4 1.1 0.16 0.14 0.039 0.0400.010 0.0075 
0.3 730 553-| 325 251 | 29 23 | 13 10 3.2 2.7) 1.2 1.1 0.13 0.14 0.032 0.0380.008 0.0073 
0.4 , 545 553 240 248 22 22.8 9.7 10 . Se Oe 0.9 1.0 0.10 0.13 |0.024 0.037,0.006 0.0070 
| 
The reactance values for all voltages but 132 kV are for three core cable, either unarmoured or wire armoured ; for double 
steel tape armoured cable, the figures are increased by 15 per cent. For 33 kV triple lead sheathing reduces the reactance by one 
third. For 66 kV the use of single core oil filled cables halves the reactance. For 132 kV the figures given are for single core 
oil filled cables only. 
The resistance values apply to copper only. 


If two reactances only (x, and x.) are in parallel, the 
resultant equivalent reactance is given by 


xX : 
xX, + X» 


(13) 
When several reactances are in parallel, it is 
generally more convenient to combine them by 
repeated application of (13) rather than to use (12). 


equivalent resistance (r) gives equivalent impedance 


(z). 


(a) Equivalent Resistances in Series with Equivalent 
Reactances. 


If anumber of equivalent resistances (r,, rs,.... 
and a number of equivalent reactances (x,, X.,... 


4.—See note 3, table II. 
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are connected in series the resultant equivalent 
impedance is :— 


7 V(r, +P. Te. . 1,)° + (x, t Xo wees + x,,)° (16) 


(b) Equivalent Resistances and Reactances in Parallel. 


If a number of equivalent resistances (r,,7r.,....7, 
and reactances (x,, X.,......X,) are connected in 
parallel the resulting impedance is: 


(17) 
\/ 1 1 iy fl. =) 
+—- +..4-) +[- +—+4..4 
& rs r, \X, xX. xX, 


(c) Conversion from Equivalent Resistances in Parallel 
with Equivalent Reactances to Equivalent Resistance in 
Series with Equivalent Reactance, and vice versa. 


If a number of equivalent reactances 
(1, Tp2+ ++ +Tpn) 1S connected in parallel with a number 
of equivalent reactances (x,,, X,....+X,,), they may 
be replaced by an equivalent resistance r, in series 
with an equivalent reactance x, where :— 


l , l | = 
ry 4 Vere Tg 
‘= 2 ? 
fe4e Dat) 2 a 
Pp Pp ee Pon | Xp Xpr - Xpn (18) 
l i | | l 
Xp Xpo Peiew 4 Xp 
» t 


we ee 4% (2 l 1) 
+ teet -+ T i | 
Trt The lpn Xpi  Xpe Xp, 


Conversely, if equivalent resistances (7,), T..,. ++ +1) 
are in series with equivalent reactances (X,,, X,.,. +. -X,, 
they may be replaced by an equivalent resistance r, 
in parallel with an equivalent reactance x, where :— 


(Wattet..-- te) Hia that ---- 
aed r. +F | 


T on) | 
s? 4. ee T Fon 
(19) 


>: (Tr, Tso T<+0* T ron) (X51 X52 Tee e TF me 
a . Xs} -- Xo 4 eee -  —_ 





XII. EVALUATION OF THE EFFECT OF D.C. 
COMPONENT AND OF DECREMENT. 

The effect of the D.C. component of the short 
circuit current and of the decrement of the A.C. 
component or symmetrical short circuit current may 
be allowed for with sufficient accuracy by multiplying 
the short circuit power as calculated by formula (1) 
by a factor d obtained from table IV. Then: 


kKVA., = a.kVAg, aa F + B&D 
Table IV. gives values of d in terms of the time 


elapsed since the beginning of the short circuit, and 
the ratio f between the total equivalent impedance 
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of the system with respect to the short circuit point, 
and the total equivalent impedance of the alternators 
(including synchronous motors). 

The method of calculation is illustrated in 
Example 14. 


TABLE IV. 


Values of d in terms of f and duration of short circuit. 





Duration of short circuit. 


Seconds 0.05 0.1 0.2 03 04 0.5 0.75 1 1.5 2 3 


Half 
Cycles 5 10 30 30 40 50 75 100 150 200 300 
f l 1.25 1.06 0.78 0.67/0.61 0.56;0.50 | 0.47/0.41/ 0.38 0.33 
2 |1.30\/1.16'0.91 0.82) 0.78 0.74 0.70} 0.66!0.61 0.59 0.55 
3. 1.33 )1.21'0.97'0.89)| 0.85: 0.82'0.78 0.76'0.72, 0.70 | 0.67 
4 (1.35'1.23 1.00 0.92; 0.88 0.87 0.84 0.82 0.78! 0.77 0.74 
5 1.36 1.24 1.02!0.95! 0.92 0.90 0.88 | 0.86 0.84; 0.81 | 0.78 
6 1.37 1.25 1.04'0.97\' 0.95 0.93/0.91 | 0.89 0.86, 0.84/ 0.82 
7 |1.38 1.26 1.06)0.99! 0.97 0.95 0.94 |0.92'0.89 0.87 | 0.84 
8 1.38 1.26;1.07)1.01)0.99:'0.97 0.96 |0.94/0.92| 0.90! 0.86 
. 9 (1.38, 1.26, 1.09) 1.03) 1.01 0.99; 0.97 |0.96 | 0.94! 0.91 0.90 
. 10 (1.38: 1.26 1.1 (1.04 1.02) 1.01 0.99 |0.98 | 0.95 | 0.93) 0.91 











XIII. METHOD OF CALCULATION AND EXAMPLES. 


The labour of calculation and the likelihood of 
mistakes may be much reduced by orderly arrange- 
ment of the figures and the use of suitable single line 
diagrams. 

When the system single line diagram has been set 
down, a table should be made including all the 
separate components of the circuit, alternators, 
synchronous machines, choke coils, transformers, 
transmission lines, cables, etc. The equivalent 
reactance and/or resistance of each component 
should then be calculated. When this has been 
done a simplified equivalent diagram may be prepared. 

By the method of calculation the whole of the 
sources of short circuit power are represented by an 
imaginary unit source of power (of 10,000 kVA 
capacity in this article) feeding into the system 
through an equivalent impedance (the total equivalent 
impedance between the source of power and the 
short circuit). It is convenient to represent each 
source of power by means of a _ conventional 
sign (a circle for instance, as in the following 
examples) in order to prevent its being overlooked 
in the subsequent calculations. The point at which 
the short circuit is supposed to occur is shown 
by a zig-zag line. 

The equivalent resistances and reactances are each 
represented by a small rectangle containing the figure 
giving the respective numerical value. 

When the equivalent circuit contains both 
resistance and reactance it is best to add suffixes 
“r’’ and ‘“‘x’’ respectively in heavy type, in order 
easily to distinguish between them (as for instance 
in Example 13, etc.). 

It should be noticed that if a circuit breaker joins 
two parts of a system in both of which there are 
alternators, the short circuit power that passes 
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through the breaker is that due to the alternators on 
the side of the breaker remote from the short circuit. 
This is illustrated in Example 3. 


KXAMPLE 1. 


Find the short circuit power, R.M.S. short circuit 
current, and maximum peak making current when a 
short circuit occurs at the terminals of an 11 kV, 
50,000 kVA alternator, reactance 15 per cent. 

Referring the reactance to 10,000 kVA we have: 


— 10,000 
50,000 © 
The equivalent diagram is shown in fig. 2. The 
short circuit power at the terminals is : 
10,000 x 100 


(3) x, 


(1) kVA... - ~ 330,000 kVA. 


3 
The short circuit current is: 
, i= 330,000 - 17.300 
( ) cs \ 31] ; 3 amps. 


The peak making current is: 
I, = 17,300 x 2-% 
- 44,200 amps. Fig. 2. 
EXAMPLE 1A. 


The calculation of Example 1 may be made by 
referring the alternator reactance to the actual 
alternator capacity, ie., putting kVA, = 50,000. 


Then 


50,000 
(3) x, 50,000 ” a= 55 
and 
50,000 = 100 
(1) kVA,, 15 330,000 kVA 


(as above) 


EXAMPLE 1B. 

The alternator in Example 1 is connected to bus 
bars which supply four 750 kVA _ synchronous 
motors each of 10 per cent reactance, and three syn- 
chronous motors each of 500 kVA and 9 per cent 
reactance. What is the short circuit power on a 
feeder connected to the bus bars ? 


10,000 

(3) For the 750 kVA motors, x, = 750 > = 133 
10,000 

(3) For the 500 kVA motors, x, S00 9 — 180 














U 
& 


Fig. 3. 


The equivalent diagram is shown in fig. 3 and 
the short circuit is assumed to be at U. 


For the four 750 kVA machines in parallel : 


l 
133 
(lI2) x= 1. 1 ] l = : == 33.3 


33+ 133 * 1337 is“ 
For the three 550 kVA machines in parallel 


180 
(iz) x= = 6G, 
3 
x for the seven machines in parallel is: 
13 33-3 x 60. o1.4 
(19) 33-3+60 ~— 


x for the synchronous motors and the alternator 
in parallel is: 
+9 3 x 21-4 7.63 
oe <a © 
10,000 « 100 


(1) kVA,.,. at U is 2.63 


380,000 kVA. 


EXAMPLE 2. 


Find the short circuit power on the feeder at U, 
fig. 4, if two alternators similar to that in Example 1 
are running in parallel. 

The equivalent diagram 1s fig. 4. 

The equivalent reactance of 
the two alternators in parallel is: 


= - wz [+5 
Xa ? 2 fees : 
7x2 
” _ ee U 
O1 7 xX,= 3 { 3 as l 5 


(1) The short circuit power is: saat 
10,000 « 100 
: ys ~ 660,000 kVA. 


EXAMPLE 3. 


Two turbo-alternators, A and B, of 6,000 kVA 
and one salient pole machine, C, of 2,000 kVA 
supply a bus bar in parallel. Find the total short 
circuit power on a feeder at U, fig. 5, also the short 
circuit power that may pass through the circuit 
breaker of alternator A. 

As the reactances are not given they may be 
taken from Table I. Hence we have: 


Alternator A, kVA,, = 6,000, e, = 14 per cent, 


— 10,000 — — 
(3) X= 60090 * 14 = 23: 
Alternator B, kVA, = 6,000, e, — 14 per cent, 
10,000 ~—— 
(3) X= 6 000 ~ a 2 
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Alternator C, kVA,, = 2,000, e, = 


10,000 
Xa ~~ 2,000 ~ 


15 per cent, 


(3) 5 = 75 


The equivalent diagram is shown in fig. 5. The 
total equivalent reactance of the three machines 1s: 
l 


1 1 1 0.0425 +-0-0425 +0.0133 
23.5 ' 23.5 ' 75 


(12) 


= 10-15 
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bar which is sectionalized between alternators B and 
C, the sections being connected through a choke coil 
of 5 per cent reactance designed to pass 2,000 kVA. 
Find kVA.,. on the two sections of bus bar. 


Choke coil kVA,-; 2,000 e 5 per cent 
10,000 
(6) Xu = g 999 * 2 = 


The equivalent diagram 1s as fig. 6. 





Fig. 5. 


from which the short circuit power at U 1s: 


10,000 = 100 


(1) kVA... - 10-15 


98,500 kVA. 


The short circuit power that passes through the 
breaker of alternator A depends upon the position 
of the short circuit. If this is on the bus bars or 
at U, say, its value is given by the equivalent 
reactance of alternator A itself. Thus: 


10,000 = 100 


(1) KVAse = "535 = 42,500 kVA, 


If, on the other hand, the fault occurs on the side 
of the circuit breaker remote from the bus bars, the 
fault current passing through the breaker is derived 
only from breakers B and C, as alternator A feeds 
directly into the short circuit. The combined 
equivalent impedance of B and C is: 


23-5 x 75 


(13) 93.5 4 75 


217-9 


so that the short circuit power passing through the 
breaker is: 


10,000 « 100 
(1) KVAsc = Gag 56,000 kVA. 


It will be observed that : 
42,500 + 56,000 98,500. 


EXAMPLE 4. 


Three alternators as in Example 3 supply a bus 


(a) Short Circuit at U. 
23-5 


(13) equivalent reactance of A and B 1s 7 = 12, 


(11) equivalent reactance of choke and alternator C 
is 75 + 25 = 100, 


therefore the combined equivalent reactance of A, 
B, C and the choke is :— 
12 « 100 


(13) 12 + 100 


10-7 


10,000 x« 100 


(1) KVA,.atUis ~"j5.7 = 93,500 kVA. 


(b) Short Circuit at V. 


(11) equivalent reactance of A, B and choke 1s 


12 + 25 IR 
(13) equivalent reactance of A, B, C and choke 1s 
37 x 75 74.8 
37 + 75 
10,000 « 100 


(1) kVA... at V is 40,000 kVA, 


24-8 


EXAMPLE 5. 


Alternators A and B as in Example 2 feed an 
11 kV bus bar, from which is supplied a 20,000 kVA 
transformer (7,) 11,66 kV, reactance 73 per cent ; 
this transformer feeds a step-down transformer (T.) 
20,000 kVA, 66 6.6 kV, reactance 8 per cent, through 
a transmission line (L) the reactance of which is 
12 ohms per phase, (see left hand circuit of fig. 8). 
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Alternator A, kVA,.; 50,000, e, 15 per cent, 


‘ 10,000 1 3 

(9) *« “50,000 ” 

Alternator B, kVA,., 50,000, e, — 15 per cent, 
(3) X= 73 

Transformer T,, kVA,-, — 20,000, e, = 7! per cent, 
1 a x Ol 75 

(4) % = 99,000 * &°? = > 
Transformer T., kVA,., 20,000, e, 8 per cent, 
4 10,000 — 

(4) “20,000 ” 

Line L, kV — 66, x 12 ohms, 

9 — 12 = 2-75 

9) “= 10 x 667 ” ) 


The equivalent diagram is given in fig. 7. 











3°75 
9.75 
ay 


Fig. 7. 


* 
U 
V 
WwW 





(a) Short Circuit at U. 


Combined equivalent reactance of A and Bis: 


3 
(13) 5 1-5 
Combined equivalent reactance of A, B and T, 
(11) 1-5 + 3-75 = 5-25 
10,000 x 100 


(1) kVA,,. at U 190,000 kVA. 


5 +25 

(6) Short Circuit at V. 
Combined equivalent reactance of A, B, T, 

(11) and L = 5-25 + 2-75 = 8 

10,000 « 100 


(1) kVA,,. at V 9 


125,000 kVA. 
(c) Short Circuit at W. 


Combined equivalent reactance of A, B, T,, L 
and 7, is: 


(11) $+4= 12 
10,000 « 100 


(lj) kVA, at W 19 


83,500 kVA. 


EXAMPLE 6. 


If the system of Example 5 is extended by the 
addition of a third alternator (C) of 20,000 kVA and 
12.5 per cent reactance, feeding the 6.6 kV bus bar 
through a 10,000 kVA transformer of 12 per cent 
reactance, find the short circuit power at each set of 
bus bars. 

The single line diagram of the system is shown 
by fig. 8. The equivalent reactances may be 
calculated as follows :— 


11KV 





6-6KV 


Fig. 8. 


Alternator A, kVA,-, = 50,000, e, = 15 per cent, 


(3) xX: = 3 

Alternator B, kVA, 50,000, e, = 15 per cent, 
(3) %, = 3 

Alternator C, kVA,-;, = 20,000, e, = 12-5 percent, 
(3) x, 6-25 

Transformer T,, kVA,-, = 20,000, e, = 7-5 per cent, 
(4) % = 3°73 

Transformer T., kVA,-, = 20,000, e, = 8 per cent, 
(4) t= § 

Transformer T,, kVA,-, = 10,000, e, = 12 percent, 
(4) X= 32 

Transmission line L, kV = 66, X, = 12 ohms, 
(9) aaa <12 =2-75 


The equivalent diagram, given in fig. 9, may be 
reduced to fig. 10. 


(a) Short Circuit at U. 


The total equivalent reactance from C to U 1s: 
(11) 10-5 + 12 + 6-25 = 28-75. 
This is in parallel with the combined equivalent 
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(13) 


(1) 


() 


By similar calculations 
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reactance of A and B, so that the resultant 
equivalent reactance 1s: 


28:75 x 1-5 
28-75 41-5 1° 
kVA... at U is therefore : 
10,000 x 100 
1.43 700,000 kVA. 


Short Circuit 


reactance is: 


6-25 x (1-5 + 10-5 +12) 6-25 x 24° 








Fig. 9. 


at V. 


6-6 4+ 154805412 


10,000 x 100 
(1) kKVA,,. at V = 


4-95 


the total equivalent 


30.25 4°9? 


202,000 kVA, 





Fig. 10. 


(c) Short Circuit at W. 


The total equivalent reactance is the combination 


of 


the parallel 


reactances (l- 


(6-25 + 12) which gives 


(13) 


(1) 


kKVAsc = 


12 x 18-25 


12 + 18-25 


10,000 = 100 
7-3 


5 + 10-5) and 


= 7°25 


= 138,000 kVA. 


EXAMPLE 7. 


If, in the system considered in Example 6, the 
two sets of bus bars are connected through a 1,050 
ampere choke coil of 5 per cent reactance, find the 
short circuit power on the three sets of bus bars, 
fig. 11. 

The equivalent reactance of the choke coil 1s: 

10,000 


(6) > * 1050 x x 37? 


(a) Short Circuit at U. 
The resultant equivalent reactance between U 

and V is: 

2-5 x (10-5 + 12) 


(9) 9.5 4 10-5 + 12 


= 2a 


The total equivalent reactance at U is therefore: 
1-5 x (2-25 + 6-25) 
1-5 + 2-25 + 6-25 
kVA.,. at U is therefore : 


10,000 « 100 
1-275 


(13) = 1-275 


(1) — 785,000 kVA. 


= 
7 


; 
7 [ross 
U 

Sw 


Fig. 11. 





(6) Short Circuit at V. 

The total equivalent reactance is: 
6-25 « (1-5 + 2-25) 
6-25 + 1-5 + 2-25 
kVA... at V is therefore : 

10,000 « 100 

2-34 


(11) & (13) 2-34 


(1) - 428,000 kVA. 


(c) Short Circuit at W. 


The most convenient way of making the calcula- 
tion is to convert the delta connection to a star 


connection by formula (15). The three arms of the 
star are then: 


gy 10:5 x 2-5 10-5 x 2:5 

" £443941:8°- #2 -** 
ig) 25. 12 

(15) 45 1-2 
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16 10-5 « 12 5.0 
The revised equivalent diagram is shown in fig. 12. 


The resultant equivalent reactance is : 


(1-5 + 1-05) « (6-25 + 1-2) 


(11) & (13) 15 41.05) + (6-25 + 1-2) + 2° 
yy 2X gg gy 
( ) 10 .% » . e 
10,000 x 100 
(1) kVAL ~ 144,000 kVA. 


6-94 








Fig. 12. 


KXAMPLE 8. 


A supply system is in the form of a double ring, 
as shown in fig. 13. If the constants of the circuit 
are as given in the following table find the short 
circuit kVA on the 6-6 kV bus bar. 


Alternator A, kVA,;,, = 50,000, e, = 15 per cent, 


(3) x, = 3 

Alternator B, kVA,-, = 50,000, e, = 15 per cent, 
(3) x, =3 

Alternator C, kVA,, = 20,000, e, = 12! per cent, 
(3) xX, = 6° 

Alternator D, kVA,-, = 50,000 e, -— 15 per cent, 
(3) Xa nai 2 

Transformer T,,kVA,;-, = 20,000, e, = 7-5 per cent, 
(4) x, = 3-75 

Transformer T.,kVA,-, = 20,000, e, = 8 per cent, 
(4) ~™ = 4 

Transformer T.,,kVA;,; = 10,000, e, = 12 per cent, 
(4) % = 

Transformer T,, kVA;-, = 15,000, e, 10 per cent, 
(4) x, = 6-7 


Choke coil CH, kVA,-, = 20,000, e,, = 5 per cent, 
(6) Xx, = 25 
Line L,, kV = 66, X, = 12 ohms. 
«es 10,000 _ 9.75 
(9) x, = 12 x 10 ~ 66° ° 








- | wae 
Fs LY . oO “Tv 
Fig. 13. 

Line L., kV -- 11, X, = 0-4 ohms. 
9 0-4 ee 3.3 
( ) x; —? 10» 11? , 
immed, = ih, Az 1 ohms. 
. _,,, 10000. , 
(9) ne ne 


The equivalent diagram may, therefore, be 
reduced to fig. 14. In order to find kVA,,. at W, the 
star connected equivalent reactances 1-5, 10-5, and 
2-5, and 3-3, 3 and 15 are converted into the equiva- 
lent delta connection, as follows : 


(1-5 x 2-5) + (2-5 x 10-5) + (10-5 x 1-5) 


(14) 1.5 
45-75 
- — = 39-5 
1-5 
14 ee hae 
(14) 10-5 








Fig. 14. 
14 Fn ti 

3-3 x 3) + G3 x 15) + (15 x 3-3 
14) ( ) + ( D+ 3) 


(104-5 35 
ee 3 
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14 ee ssi 
14 104-5 
( ) 15 7 

















The resultant equivalent diagram, fig. 15, may be 
simplified to fig. 16, which reduces by combin- 
ation of parallel groups of equivalent reactances to 
fig. 17. It follows that the total resultant equivalent 
reactance 1s 5. 


kVA... at W is therefore: 
10,000 x 100 


(1) : — 200,000 kVA. 


EXAMPLE 9. 


A step-down transformer of 5,000 kVA normal 
full load capacity and 6 per cent reactance is connected 
to a high tension network, the configuration of which 
is unknown. Find the maximum possible short 
circuit power on the low tension side of the 
transformer. 

The maximum possible short circuit power would 
be obtained if the equivalent impedance of the 
network were zero, and that of the transformer the 
sole limit to the current. 


The equivalent reactance of the transformer is: 


10,000 x 6 


(4) 5,000 | 
The maximum possible short circuit is therefore : 
10,000 x 100 
( 1 = 83,500 kVA 
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EXAMPLE 10. 


A supply of 5,000 kVA is taken from an 11 kV 
system (A) of 750,000 kVA short circuit power, and 
led to a switchboard (B) the breakers of which have 
a breaking capacity of 150,000 kVA. Find what 
must be the percentage reactance and the reactance, 
in ohms, of a choke coil connected in the feeder, if 
the breakers at (B) are not to be over-stressed. 


The equivalent reactance of system A, referred : 
as usual to 10,000 kVA,, is given by : 
10,000 « 100 
(1) 750,000 = 


1 


— 10,000 x 100 — 1.34 
“4 "750,000 
In order that kVA... at B may not exceed 150,000 
kVA the total equivalent reactance of both systems 
must be not less than the value given by: 


10,000 + 100 
(1) 150,000 = - 
I 

10,000 x 100 

*e 150,000 

















\ W 
Fig. 17. 
The difference between x, and x, must be made 


up by the choke coil, the equivalent reactance of 
which must therefore be : 


(11) 6-7 - 1-34 — 5-36 


The capacity of the choke coil is 5,000 kVA so 
that its percentage reactance is given by: 


6) 5.36 — 10,000, 
5,000 
», — 5°36 x 5,000 4 6g 
10,000 


The voitage of the choke coil is 11 kV, so that 
its reactance in ohms 1s given by : 


; y . 10,000 
©) ites SE 
5-36 x10 x 11 ’ 
xX 10,000 0-65 ohms. 
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EXAMPLE 11. 


Under the same conditions as in Example 10, as 
far as the short circuit power of system A and the 
breaking capacity of the breakers on B are concerned, 
what is the maximum total capacity of transformers 
(assumed reactance 5 per cent) that may be used to 
connect the two systems ? 

From the same considerations as in Example 10, 
the equivalent reactance of the transformers may not 
be less than 5-36, 

The maximum total capacity of the transformers 
is therefore given by: 


4 ‘=o x4 
(4) 7 =e > 
from which 
5 x 10,000 
kVA, 53g = 9/300 kVA. 


EXAMPLE 12. 


An 11 kV alternator, 50,000 kVA, 15 per cent 
reactance feeds a bus bar, through a cable the 
resistance of which is 0-4 ohms per phase. Find the 
short circuit power on the bus bar. 


We have: 
Alternator, kVA,, = 50,000, e, = 15 per cent, 
~ 10,000 
3 = -_ 
(3) x, = 50, 000 x 5 = 3 
Cable, kV = 11, R = 0-4 ohms, 
7 _ 0-4 10,000 3.3 
(7) rae * 0x1? 7 


The total equivalent impedance due to the 
reactance and resistance in series 1s: 


(16) \/3® + 3-3% = 4-47 
kVA.,. on the busbars is therefore : 
10,000 x 100 


5.47 C= (225,000 kVA. 


EXAMPLE 13. 


An alternator A feeds a busbar U through 
feeders L, and L,. U is also supplied by an alter- 
nator B through a feeder L,. If the whole system 
is at 11 kV, and the characteristics of the machines 


and feeders are given as in the table below, find 
kVA.,. at U. 


Alternator A, kVA,, = 50,000, e, = 15 per cent, 


, 10,000, ate 

(3) *a ~ 50,000 ” - 

Alternator B, kVA,, = 20,000, e, = 124 per cent, 
3 — 12-5 =6-25 

©) eee 


Feeder L,, kV ll, A = ) ome 


10,000 


(9) % = Ox 12 * 1 = 8-25~x 
Feeder L,, kV ll, R=0O-75 ohm, 
ee x 0-75-= 6-2 
) a 
Feeder L., kV = 11, X = 3 ohm, 
| 10,000 3 24.75 
(9) t= ip je * 3= 24-7 
Feeder L., kV 11, R=1-25 ohm, 
On x 1:25=10-3 
) eee 
Feeder L., I,-; 1,050 amps, e,, = 40 per cent, 
10,000 
(10) x, = 40 >» 20x 


1,050 x 11 x 4/3 


1,050 amps, e,, 
: 10,000 , 
* 1,050x11x1/3 


Feeder L,, I,-; 8 per cent, 


(8) Pr; - 


















































Fig. 18 shows the resulting equivalent diagram. 
In this there are three sets of equivalent reactances 
and resistances in series, which must be converted 
to the equivalent parallel connection, thus : 


(19) ee _ 
- (8- -_ : (6-2r)* - 
- (24. ~ A ar _ 59, 
- a -_ 
wie eae —_ a 
ag) (6°25x 4 ag 1a 
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The equivalent diagram may then be reduced to 
fig. 19, which may be converted to fig. 20 by 
combining the parallel equivalent resistances and 
reactances. 


° 


aay eas 
wees 











['7-2r] [12-9x] | zor | | 29% | 
nédeoriittesieniagacial 
¥ 


Fig. 19. 











13-8r and 8-95x are now replaced by the 
equivalent series connection : 


1 
8-95 
(18) = = ye = Se 
(seu) (=) 
1 
(18) 13-8r 


( 1 ) ( 1 ) ees 4-08r 
8-95x/ * \13-8r 





Fig. 20. 


To 6-3x must be added the equivalent reactance 
of the alternator A so that: 


(11) 6-3x + 3x = 9-3x 
converting 9-3x and 4-08r back to the parallel 
connection we have: 


(9-3x)° + (4-08r)> 


(19) ane =e 
(9-3x)° + (4-08r)° 


and thus arrive at fig. 21. 


Combining 26-9x with 11-lx and 25-4r with 176r 
we have: 


CE NI IL RE PRS IAS EARN IE ie PRN TR BE ON A RE a 
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26 -9x ll-lx 7.9 
13 | 26-9x + 1l-1x = 
(13) 25:4r x 176r 99.9 

25:4r + 176r vad 
The total equivalent impedance is then: 

l 

(17) san ls 


v ( — y+ ( “— ) 


10,000 = 100 


kVA... is therefore 7.45 


= 134,000 kVA. 


Tei [2 
J * 








Fig. 21. 


EXAMPLE 14. 


In the circuit of Example 5, find the short circuit 
power at the points U and W, at intervals of 0-1 
and 0-75 seconds after the beginning of the short 
circuit. 


(a) At the Point U. 
We have from Example 5: 
the total equivalent reactance of the alternators is 1 -5, 
the total equivalent reactance of the system 1s 5-25, 
and kVA,,. = 190,000 kVA. 
5-25 
1-5 
From Table IV. we have: 
kVA.,, at 0-1 second = 190,000 x 1-22 
= 232,000 kVA. 


kVA.,., at 0-75 second = 190,000 x 0-81 
= 154,000 kVA. 


It follows that f = == 3-§ 


(b) At the Point W. 


We have from Example 5: 
the total equivalent reactance of the alternator is 1-5 
the total equivalent reactance of the system is 12 
and kVA,,-. = 83,500 kVA. 
12 

It follows that f = 1.5 > 8 
From Table IV. we have : 
kVA,,., at 0-1 second = 83,500 x 1-26 

= 105,000 kVA. 
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kVA.,., at 0-75 second = 83,500 «x 0-96 
= 80,000 kVA. 


EXAMPLE 15. 


An 11 kV/440 volt transformer is connected to 
a bus bar upon which the short circuit power is 
150,000 kVA. If the transformer output is 2,000 
kVA, its reactance 6 per cent and it supplies a 
number of low tension distribution boards, one of 
which, V, is fed by a three core lead covered wire 
armoured cable of 0-4 sq. ins. cross section and 
300 yards long, find the short circuit power at the 
transformer L.T. terminals U, and at V. 

The equivalent reactance of the H.T. supply 
system is: 


10,000 x 100 


() * = "150,000 °"! 
The equivalent reactance of the transformer is: 
10,000 _ 6 = % 
(4) * 2,000 ~ °~ 


The equivalent resistance of 0-4 sq. ins. 440 volt 
cable is, from Table III., 545 per mile. 

The equivalent resistance of the 300 yard length 
is therefore: 


545 x 300 — 93 
i 1,760 
The equivalent reactance of the cable is similarly: 
553 x 300 — 04 
a’ 

















The equivalent diagram is therefore as shown in 
fig. 22. 


(a) Short Circuit at U. 
Total equivalent reactance is : 


(11) 6-7x + 30x = 36-7x 
10,000 x 100 
(1) kVA. = 36.7 = 27,200 kVA. 


(6) Short Circuit at V. 
Total equivalent reactance is : 
(11) 6-7x + 30x + 94x = say 130x 


Total equivalent resistance = 93r 


Total equivalent impedance is: 


(16) \/ (130x)? + (93r)? = 160 


10,000 x 100 


= 6,250 kVA. 


APPENDIX I. 


DERIVATION OF FORMULAE. 


It should be observed that the short circuit 
power (kVA,,) is not derived from the product of 
the short circuit current and the actual voltage at 
the short circuit during the time that the short 
circuit is flowing, but from the product of the short 
circuit current and the system voltage, thus: 


kKVA.- = V3 .I1sc. kV 


EQUIVALENT REACTANCE OF ALTERNATORS AND 
TRANSFORMERS. 

In the case of an alternator, the ratio between 
the initial symmetrical short circuit current and the 
normal full load current (neglecting the D.C. 
component and decrement) is: 


Ix- 100 


Tey 7 e, 
where e, is the leakage reactance of the machine ; 
the resistance of the windings may be neglected. 
We now ascribe to the machine an “equivalent 
reactance’ x, such that: 


kVAs¢ = ——— 


where kVA, is an arbitrarily chosen reference 

capacity (say 10,000 kVA). 

We have, therefore, from the three equations above: 
kKVA,, = V3.Isc . kV 

100 

_ kVA, . 100 

- : 


f hich x. - _— 
rom which X,= 737 Ie, .kV' C, 


— V3 . . let . kV 
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but V3 . Tey . kV — kVA,-, 


kVA,. 


so that  —— e. 
” kVA,.; 


(formula (3)) 

The expression for the equivalent reactance of a 
transformer, x, is derived in the same manner 
(formula 4). Here too the resistance of the windings 
may be neglected except in the case of transformers 
of about 200 kVA capacity and less. An allowance 
is made for this in the values of e, in Table I. 


EQUIVALENT REACTANCE AND RESISTANCE OF 
CHOKE COILS, CABLES AND TRANSMISSION LINES. 

In what follows, the word “impedance”’ is used 
to denote reactance or resistance or a combination 
of both. 

The impedance of a given choke or line may 
be given as a percentage or in ohms. If we 
say the impedance is e per cent we mean that the 
voltage drop in the apparatus when the full load 


' ; € ' 
current 1S passing is j), times the system phase 


kV 
voltage (- 73 ), If the normal system voltage is 


applied to the apparatus while it is short circuited 
on the side remote from the supply, the current that 
flows is such that the impedance voltage drop is 
equal to the system voltage, so that: 


100 
Is — e : Dy 
from which : 
100 
NWA. = 73.1... .8V¥ = v3° me Bos OY 
kVA, 
= * 100 

z 


where z is the equivalent impedance. From 


this it follows that : 
7 kVA, 
© 73 In kv * 


Substituting x,,, r,, x,, etc., for z, and e,,, e,,, 
etc., for e, equations (6), (8) and (10) are obtained. 


If Z be the impedance in ohms per phase of the 
apparatus, then: 


| 4 7 kV 

1000 v3 
(the factor 1,000 is necessary because J... is in amps; 
Z in ohms and kV in kilovolts). 


kV . 1,000 
thes I. = az 
| kVA... 
and kVA... = V3 . Ice . kV = ee 100 
KV .1, ‘ 
so that V3 - —s 000 - a kVA, 100 
v3.2 P 
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— kVA; 
— 10.kVv° 


from which equations (5), (7) and (9) are obtained. 

The method of calculating the short circuit kVA 
of alternators is equivalent to assuming that the 
generated E.M.F. remains constant and that the 
internal impedance of the machine is represented by 
an equivalent impedance (z). If the short circuit 
current flows through an external circuit the 
impedance of this circuit acts in exactly the same 
way as the internal impedance of the alternator, so 
that to calculate the resulting short circuit power the 
sum of the internal and external impedances is used. 

In most calculations only the reactances of the 
machines and conductors need be considered, as the 
resistances are small in comparison and do not much 
affect the result. The phase angle of the short 
circuit current with respect to the voltage is therefore 
nearly 90 per cent in all parts of the circuit and the 
equivalent reactances may be combined exactly as if 
they were resistances. 

Equations (11), (12) and (13) for reactances in 
series and parallel are too well known to need proof. 

Equations (14) and (15) for the conversion from 
star to delta and vice versa are given by (among 
others) Waltjen in ‘‘Schaltanlagen fur Drehstrom— 
Kraftwerke,”’ p. 20. 

The method of dealing with combinations of 
resistance and reactance is based on Steinmetz’ 
method using j (see Elements of Electrical Engineer- 
ing p. 98 et seg.) The figures of Table IV. are 
derived from a series of articles by Wagner in the 
“Electric Journal,’’ 1933, p. 113 et. seg. 


-Z 


thus z 


APPENDIX II. 
THREE WINDING TRANSFORMERS. 


The reactances of transformers with tertiary 
windings are usually quoted for the windings in 
pairs, thus :— 

Reactance of primary and secondary = e,, 

Reactance of primary and tertiary = ep, 

Reactance of secondary and tertiary = e,, 

From these figures the equivalent reactances x,,, 
x,, and x,, should be calculated by use of equation (4). 

The equivalent reactances of the individual 
windings may then be calculated by the equations : 


Xps + Xpr —Xsr 
Xp — : 


2 
Xps + Xsp — Xpr 

—— 2 
Xpr + Xs7 — Xps 

Xr = 9 


These equivalent reactances are then inserted in 
the equivalent diagram as a star connection, and the 
calculation completed in the usual manner. 
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One of the equivalent reactances so calculated 
may be negative. The negative sign must be dealt 
with in the usual manner throughout the reckoning. 


EXAMPLE. 


To an 11 kV bus bar, on which there is a short 
circuit power of 100,000 kVA, two transformers are 
connected (fig. 23). One of 500 kVA and 6 per cent 
reactance, feeds a 6-6 kV bar. The second has two 
secondary windings, one (S) feeding the 6-6 kV bar, 
and the other (JT) a 2-2 kV bar. The reactances of 
this transformer are— 


Eps = 43 per cent 
Cop —— 3 per cent 
epy = 9 per cent 


referred to the capacity of 750 kVA which is that of 
each of the three windings. What is kVA... on the 


rr. 


———O— 1 1kV 
7T50KVA ng p 




















IWIN 
NN + NX 800KVA 
S 
- See 
_4 2-2kV 
7 
Fig. 23. 


2-2kV bars? Calculating the equivalent impedances 
we have: 


750 kVA Transformer : 


Primary /Secondary, kVA;,, = 750, ep; = 43 per cent, 
- 10,000 Al = 60 
*ps = "950 * *2 = 
Secondary/Tertiary, kVA, = 750, e,; = 3 per cent, 
10,000 _ 3 — 4 
Xs; = 750 x = 
Primary/Tertiary, kVA;, = 750, ep; = 9 per cent, 
10,000 
Xpr — 750 x 9 120 
500 kVA Transformer : 
kVA,-, = 500, e, = 6 per cent, 


10,000 190 
a 500 
We then have: 

60 + 120-40 
Xp = D - 70 

60 + 40-120 
X< = D —10 

40 + 120-60 
i, = ) 50 


11KV 














50 





2°-2«V 


z 


Fig. 24. 


The equivalent diagram is given by fig. 24, in 
which the 100,000 kVA short circuit power on the 
11 kV bars is represented by an equivalent reactance 
10. 


Combining the parallel equivalent reactances 

70, -10 and 120 we have: 
70 x (-10+ 120) 70 x 110 

(1) & (19) 79, 0 + 120) ~ —180—i #8 
The total equivalent reactance is then: 
(11) 10 + 42-8 + 50 = 102-8 
10,000 « 100 

102-8 


This method of calculation is given by Boyajian, 
‘Transactions A.I.E.E.,”’ April, 1924. 


(1) kVA... = = 9,750 kVA. 
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‘Television. 


FUNDAMENTAL PRINCIPLES. 


By G. C. MARRIS, B.Sc., M.I.E.E. 


Research Laboratories of The 
General Electric Co., Ltd., Wembley, England. 
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The accompanying article ts 
based on a lecture delivered before 
a Joint Meeting of the Association 
of Supervisory Electrical Engin- 
eers and the Institution of Engin- 
eers in Charge, at Magnet House, 


Kingsway, London, on November 
24th, 1936. 

The author gives an elementary 
description of the principal tech- 
nical methods by which modern 
high definition transmission and 
reception is accomplished. The 
scope of the subject is so wide that 
it must be left to future articles to 
elaborate theoretical and practical 
detail. 


HE first problem that arises in the transmission 

by television of a picture is that of “‘scanning,”’ in 

other words translating the picture, point by 
point, into an electric current. 

The retina of the human eye contains some 
millions of minute cones, each sensitive to light, 
and capable of conveying a separate message by a 
separate nerve to the brain. To give the brain a 
picture it is not necessary to excite all the cones 
simultaneously. If that were the case television 
would be impossible, because it is a_ practical 
impossibility to provides millions of wires or radio 
links between the picture to be sent and the eye 
of the distant viewer, each wire responsible for one 
element of the picture. 

Fortunately, each cone has a memory lasting 
about zs of a second, and practical television 
consists in using the period of es of a second for 
the transmitter to look separately at minute areas 
of the picture one after another in regular sequence. 
As it does so it sends electrical impulses by wire 
or radio to the receiver. This electric current 
impulse is converted, according to its strength 
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Fig. 1.—Typical television receiver. 


into a spot of light in the receiver which has 
auxiliary apparatus—the “‘time base’’—to direct the 
spot to the same part of the picture as that which the 
transmitter is viewing at the moment. 

In a gs second or less, then, the whole picture 
is transmitted once and the process starts again. By 
this time the scene may have changed, but it is 
known from the experience of the cinema, which 
works with pictures changed every 2% second, 
that a satisfactory appearance of continuity is thus 
obtained. 

With this brief explanation of the general idea 
we can proceed to discuss the technical devices used, 
and problems that have been overcome. 


THE PHOTOELECTRIC CELL. 


In the chain of apparatus, starting with trans- 
mission, the first item is the device for converting 
the brightness of each picture point into an electric 
current proportional to the brightness. For this 
purpose the well known and extremely simple 
photoelectric cell is used. It consists of an evacuated 
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glass bulb with an internal muirror-like deposit of 
potassium or caesium metal, and a metal plate 
supported in the centre. It is connected to a source 
of E.M.F., and when light falls on the internal surface 
electrons are released from it, that is, a current 
flows, the magnitude of which depends on the 
brightness of the light. It may, therefore, be called 
one element of an electric eye. 

Its limitation for television purposes is in its 
lack of sensitivity; a candle, a foot away from a 
normal cell might give 3 of a microampere (10 
microamperes per lumen). A recently developed 
type, the so-called secondary emisson photo-cell, has 
a sensitivity four or five times as great and is useful 
for television. 


PRINCIPLE OF SCANNING. 


This operation is simple in theory but difficult 
in practice. 

If, when reading a page of print one moves the 
point of a pencil under the lines, the pencil moves 
in a way characteristic of television scanning; a 
steady movement along a line, a quick snap back and 
slightly downwards to the next line, and so on to 
the end of the page. The page is scanned in so many 
lines, say 40, in 1 minute; that is, in television 
terms, 40 line definition, and, one picture frame 
per minute. 

The muscles that move the pencil correspond 
to the television time base, or synchronized disc, 
and there is in effect the combination of two motions 
at right angles, one along the lines, fairly fast, one 
down the page much slower, with a quick flick back 
after each line and after each page. It will also be 
clear that if the motion of the pencil is made a little 
slantwise, the downward movement can be a steady 
one till the end of the page is reached. 

A high and a low frequency scan are therefore 
necessary. For 400 lines, the former frequency 
is 10,000 periods per second, and the low frequency 
50 periods for interlaced pictures. The speed of 
travel of the spot across a receiver screen is therefore 
about 2 miles a second in the horizontal direction. 


SCANNING BY DISC. 


This method, invented by Nipkow in 1884, has 
been rapidly developed during the last 3 or 4 years, 
and is one practicable way of obtaining high 
definition. 

The principle is illustrated in fig. 2. A disc 
much larger than the picture is rotated in front of 
it. The disc has small holes near the edge. The 
picture is illuminated as brightly as possible, and 
the light reflected from it passes through the 
hole which is opposite the picture at the moment, 
and is focussed on the photocell. 

If the holes are arranged in a spiral the first 
passes across the top line of the picture, looking at a 


strip as wide as the diameter of the hole, and when 
it gets to the end the second hole starts again at the 
beginning, but being on the spiral is one line lower. 
For 400 line definition, the hole must be so small 
that its diameter is 450 of the length of the picture, 
and there must be 400 holes coming into place one 
below the other in turn. The photocell then looks 
only at a spot 60000 Of the picture area at once, 
and sends a current corresponding to the brightness 
of that spot. Since the picture must be viewed 25 
times a second to preserve continuity, 25 x 160,000 
current variations are obtained per second, or a 
vision frequency of 2 million complete periods per 
second, if every spot of the picture is of different 
brightness from the next. 

Figure 2 shows in symbolic fashion a complete 
television system. The current from the photocell 
varies the light from a lamp which shines on to a 
screen. Between lamp and screen is a similar disc 
of spiral holes, which rotates in exact synchronism 
with the first, so that a point of the screen is illumin- 
ated corresponding to that which the photocell is 
viewing at the moment. Such a method of reception 
was the basis of the obsolete Baird 30-line television. 
It is impracticable for high definition reception 
because of the mechanical difficulties of the discs, 
and the impossibility of getting enough controlled 
light. 

If such a disc is used to transmit from a film, the 
holes need not be in a spiral, as the downward scan 
can be provided by steadily winding the film through. 
The material of the disc is iron of a few mils in 
thickness and it may rotate at 3,000 r.p.m. For 
240-line scanning it is about 20in. diameter, and the 
holes are 2 thousandths of an inch in diameter. It 
is designed to transmit an image of a film reduced 
optically to about 1 centimetre square. 
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Fig. 2..-Diagrammatic arrangement showing 
television principle. 
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CATHODE RAY TUBE. 


Everyone is aware that there exist phosphorescent 
or luminescent materials such as are used on luminous 
watch faces. Certain of these substances, notably 
zinc sulphide and calcium silicate, give an intense 





Fig. 3.—High vacuum cathode ray tube used in 
G.E.C. television receiver, shown with protecting 


canister removed. 


light if bombarded by high speed electrons. In the 
cathode ray tube, fig. 3, a beam or ray of these elec- 
trons is produced and caused to bombard luminescent 
powder, deposited on the large and almost flat end 
of a highly evacuated flask-shaped bulb about 12in. 
diameter. In order to use this for television, it is 
necessary for the electron beam to be small enough 
to make a bright point on the screen, of a size corres- 
ponding to that seen by the transmitting photocell. 

The electrons must then be accelerated with 
sufficient voltage to get the spot bright, and their 
number must be varied according to whether any 
spot of the picture is dark or bright. Finally, the 
beam must be made to strike every portion of the 
screen in turn. In other words, the beam must be 
made to scan the picture, line by line, as did the 
pencil in the previous analogy of the perusal of a 
printed page; and then start all over again in 
exact synchronism with the transmitter disc or 
other scanning device. In modern cathode ray 
tubes for television, these requirements have been 
achieved with a great deal of success. 

The electrons are produced from a hot cathode 
as in a thermionic valve. The number that escape 
towards the screen is controlled by a thin metal 
cylinder known as a modulator, or, in honour of its 
inventor, as the Wehnelt cylinder, which acts like the 
grid of a valve (fig. 4). To it is applied the photo- 
cell current after being radiated by the transmitter 
and amplified and detected by the receiver, so that, 
in effect, the photocell current, by varying the 
output of electrons, varies the brightness of the 
Spot received at that moment. 

The electrons are accelerated in the direction 
of the screen by the cylinders and discs A,, As, As 
(fig. 5.) to which positive voltages of say 1,000, 500 
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and 3,000 are applied, forming an electron optical 
lens to focus the beam. 

After leaving this portion of the electrode system, 
often called the gun, the beam passes between metal 
deflector plates (fig. 6). Since electrons are negative 

charges of electricity they can be deflected 
by a sufficiently high voltage, say about 
1,000 volts, applied to these metal plates. 
One pair of plates deflects the beam 
rapidly sideways for the high frequency 


nid scan, the other more slowly and up 
a and down for the low frequency scan. 


The deflecting voltages are produced by 
the receiver time bases described below. 
The ray can also be deflected by a 
magnetic field, as shown in the figure. 
The type of electron optical lens shown 
in fig. 5 is formed by two discs A, and A;, 
with a hole in the middle through which 
the beam passes. The first disc is at a 
potential 500 volts and the second at 
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Fig. 4._-Modulation of the cathode ray beam. 
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3,000 volts. There will be an electrostatic field 
between them as indicated by the dotted lines, the 
direction of force on an electron being from left 
to right. An electron, on reaching the field near to 
the 500 volt plate will receive an impulse causing it 
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Fig. 5.—-Electrostatic focussing. 


to move inwards along the line of force. When the 
electron gets near to the 3,000 volt plate it will 
receive an equal outward impulse, but by this time 
it will have speeded up enormously, say from 7,000 
to 18,000 miles per second. The outward impulse 
therefore, has little effect, and it proceeds on its new 
path converging to form a spot with all the others. 
An alternative method of focussing is by a magnetic 
field. 

Here the real problems of cathode ray tube 
research are encountered. The difficulties are, to 
form the perfect spot, to deflect it without changing 
its shape or brightness, to change its brightness 
without changing its position or size and to make it 
still brighter. The bright and accurate pictures 
obtained are a proof of the success with which the 
work has so far been attended, but there is still 
more to be done. The G.E.C. Research Laboratories 
have developed many devices for accurately tracing 
electrostatic fields, obtaining cross sections of a 
spot and for trying out new lens systems. 

Interesting figures of comparative brightness for 
different sources of light are given in Table I. It 


TABLE I. 


Brightness of various sources. 








Source. Candles cm’. Equivalent 
Foot-candles. 
Zenith Sun... + - ” 165,000 480,000,000 
Are Crater Tr a 3 - 17,200 50,000,000 
Pointolite - T - ~ 2,500 7,200,000 
Overrun Gasfilled Lamp - a 2,600 7,500,000 
Gasfilled Lamp 21.2L;/W_... o% 1,300 3,800,000 
Gasfilled Lamp 12.9L,;,W_.. 7 597 1,700,000 
Vacuum Lamp “ 54 - 150 440,000 
Neon Lamp (Beehive) oe l 2,900 
Candle Flame. . ~~ 0.5 1,450 
Blue Sky (Noon) oi or 0.17 500 
Cinema Screen High Lights :— 
Jsual - 0.003 9 
Exceptional . 0.007 21 
Home - on 0.0005 1.5 
Cathode Ray Tube as used for Tele-| 
vision at about 4,500 volts , | 0.003 9 








will be seen that the cathode ray tube can give a 
brighter picture than that of the average home 
cinema without using any excessive voltage. This 
is due partly to research carried out on the fluorescent 


powders of which the screen is composed. The 
zinc and calcium salts which are used require to be 
of extreme purity with exceedingly minute, but 
accurately adjusted, amounts of added metallic salts 
of approximately ;o.000 Of one per cent. 
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Fig. 6.—-Deflection of the cathode ray beam. 


TIME BASE CIRCUITS. 


Many of the electrical circuits of a television 
receiver can be called elaborations of broadcast 
receiver technique, but the time base circuits are 
something new. 

The method employed is to generate a voltage 
rising as linearly as possible to its maximum value 
in the necessary time, e.g., to 1,000 volts in ;600 
of a second for the horizontal 400-line scan of a 
typical electrostatically-deflected tube. Thus, the 
beam is steadily deflected from the beginning to the 
end of a line. Some trigger device must be incor- 
porated, so that at the end of this period the voltage 
returns to zero as nearly instantaneously as possible. 
This discharge period is called the ‘‘flyback.”’ 

The rising voltage is readily obtained by charging 
a condenser through a resistance, and the type of 
relay known as a gas discharge relay is a very con- 
venient trigger. In some ways it resembles a triode 
valve, but instead of being evacuated, is filled with 
vapour such as mercury or, for television purposes 
where high frequencies are involved, with rare 
gases such as neon, argon and helium. 

With these two devices the necessary linear rise 
and rapid flyback can be obtained, giving the so 
called ‘‘saw tooth’ wave form, repeating itself with 
extreme accuracy of timing. The wave, however, 
must not only be kept at the same frequency as the 
transmitter, but also must be in step, so that each 
line and picture begins in the right place. To achieve 
this, a locking or synchronizing signal is sent out by 
the transmitter at the end of each line and of each 
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picture frame. This signal is received and filtered 
out by the receiver, and keeps the time base in step. 
Here again the gasfilled relay proves its value, for 
it can be run a little too slowly and the synchronizing 
signal applied to its grid will hurry it up each time. 
Exactly how these operations are accomplished will 
be apparent by following out the diagram given in 
fig. 7. 

The gasfilled relay GT1b is in parallel with the 
condenser C,. The battery or other H.T. supply 


E, charges C, through resistance R,, values of 
C, and R, being chosen so that in the low frequency 
time base it takes about ss second for C, to 


reach full battery voltage. 


The charging current 
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Fig. 7._-Time base using gasfilled relay. 


flowing through the bias resistance R; and smoothed 
by condenser C;, keeps the grid at a _ steady 
negative potential E,, which prevents any current 
flowing between the anode and cathode of the relay, 
_until the condenser and therefore the anode voltage 
rises to full value. The grid then loses control and 
there is an immediate rapid flashover in the relay, the 
condenser is discharged, and the process starts 
again, giving the wave form shown in the lower 
diagram. By making the time of charge a little too 
long, as shown in the thick line, the time base can 
be controlled from the synchronizing signal. This 
is applied to the grid of the relay and just gives the 
grid the extra voltage which, combined with the 
anode volts, is sufficient to cause the discharge. By 
the addition of correcting circuits and proper choice 
of circuit components, the charging period can be 
made to give the desired linear rise of voltage. 


COMPLETE TELEVISION SYSTEM. 
The individual sections of apparatus described 
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above, together with some devices adapted from 
normal broadcast receiver design, form a complete 
television system which is shown diagrammatically 
in fig. 8. On the left is the high efficiency carbon 
arc throwing an image of the film on to the holes 
in the rotating disc, through which the picture 
scanning photocell looks. The film also passes 
through the usual sound head of the talking film 
type where another photocell picks up the recorded 
sound. The disc also contains a number of slits, 
one for each hole, which give a flash of light into 
the third or line synchronizing photocell, after each 
line of the picture has been scanned. 

Following first the picture signal received from 
the picture photocell, it is seen to be amplified, 
joined by the synchronizing signals and then passed 
to the radio transmitter where it is converted to a 
6-7 metre wave and radiated. 

The vision signal is shown roughly triangular, 
plotted as amplitude vertically against time. This 
represents a line, white at the middle and shading to 
black at the edges. The synchronizing signal is 
opposite in sign, and when added to the picture 
gives the wave form in modulator and radio trans- 
mitter as sketched. This is known as synchron- 
ization by a signal “‘blacker than black.’’ That is to 
say, the receiving screen is adjusted to be black 
when the aerial signal is at a value above zero. 
The synchronizing signal causes the aerial and 
radiated energy to drop further, actually to zero, or 
below the level required to give black. 

The longer synchronizing signal is sent at the 
end of each picture frame from another photocell, or 
from 50 cycle mains. Sound passes through the 
amplifier and transmitter, as in normal broadcast, 
on a wave length of 41-5 megacycles. 

Sound and vision, each on its own wave length, 
are radiated and picked up by the single aerial 
connected to the receiver. Here they may first be 
amplified together and then conducted to an oscil- 
lator, more often called a frequency changer, which 
performs the combined function of separating 
sound and vision, and at the same time converting 
them to the comparatively low frequencies of 
3 million (vision) and $ million (sound) which are 
more easily handled and amplified. This, the 
well known supersonic heterodyne principle, is 
a method of frequency conversion by beating 
one frequency against another, and employing 
resonant circuits to separate out the resulting 
beat frequency which, by a suitable choice of 
one of the oscillators, can be made to suit the 
desired purpose. 

Sound then pursues its course to the loud speaker 
as in a broadcast receiver. 

The vision and synchronizing signals after 
amplification again have their frequency changed 
downwards, so that they are now the original 
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frequencies arising as the product of the picture 
detail multiplied by scanning speed. This is the 
well known process of demodulation, or detection, 
by a rectifier circuit. The next simple device 
consists of an overloaded valve and resonant circuit 
which separates the synchronizing signals from the 
picture, and leads them to the time base which they 


technique. However, it is important to decide 
what this ideal quality is in terms of electrical and | 
optical quantities, in order to see how nearly it can 
be achieved. 


VISION. 


The most sensitive spot in the retina of the eye 
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lock in step. The picture signal carries on alone to 
the controlling electrode of the cathode ray tube 
and varies the brightness of the ray. A G.E.C. 
television receiver is shown removed from its cabinet 
in fig. 9, while fig. 10 shows in diagrammatic form 
the components of a television receiver. 


PICTURE DETAIL. 


It must now be considered what size of spot or 
number of lines ought to be used in television, in 
order to obtain a good picture. If the standard full 
size cinema picture is taken as an ideal, we have to 
admit at once that it is beyond present day television 


is nearly a millimetre in diameter and consists mainly 
of little cones, 0-003 mm. apart, each of which 
seems able to communicate with the brain. As the 
focal length of the eye is 22 mm., it can be calculated 
that the eye cannot separate objects at an angular 
distance apart of less than 28 seconds. Actually 
an angle of about one minute would appear nearer 
the fact for a normal eye. This means distinguish- 
ing say gs of an inch at a distance of 10 feet. 
The best lenses used in taking cinema pictures 
will not give a perfect image of a point ; the smallest 
element of image they can produce is about 30 
thousandths of a millimetre. On a standard cine 
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film of 22mm. <x 16mm., this corresponds to about 
800-line definition or, on home cine size, about 
400-line. 

Fig. 11 shows the distance which 
an observer must be from a screen 
in order that each line, of the 
number per inch indicated, may 
subtend the given angle at his eye. 
For example, from the top curve, if 
the picture is 240 lines and of 8 inch 
height it must be viewed from 
about 10 feet. 

The viewer is therefore 15 times 
the height of the picture away. 

The situation of the best seats 
in picture houses suggests that this 
distance is rather large, and a ratio 
of between 4: 1 and 8: 1 is suggested 
as being better. If a closer view is 
obtained there is an absence of 
detail, and it is of little use enlarging 
the picture, for this causes the 
viewer to go further away. On the 
other hand, if the 400-line case is 
considered, a distance as low as 4 feet 
can be obtained which is more 
nearly the position of a good seat. 
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Perfect 400-line definition, therefore appears a 
very reasonable figure, and as mentioned above, 
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Fis. 9.—G.E.C. television receiver removed from cabinet to show 
sound and vision chassis beneath cathode ray tube. 
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Fig. 10._-Diagrammatic arrangement of components of a G.E.C. television receiver. 
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corresponds to the definition of first class home 
cinema equipment. 


LIMITATIONS OF SCANNING. 


Modern photographic illustrations which are 
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Fig. 11.—-Relation between distance of observer from 
screen and number of scanning lines on an 8in. picture. 


reproduced in printed books consist of a series of 
various sized dots always arranged the same distance 
apart. As the dots have to be this distance apart 
certain detail is lost and some of the edges 
are blurred. In a similar way, the detail given 
by a television system is limited by the distance 
apart and number of holes in the disc, this determin- 
ing the number of lines in the picture. In the 
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Fig. 12. —Scanning of vertical boundaries. 


iconoscope it is the size of the electron beam that 
is the determining factor. 

Figs. 12 and 13 show how this limit operates to 
produce what 1s called “‘aperture distortion’’ which 
is visible as loss of detail. In fig. 12 it is seen that 
the sharp vertical boundaries between black and 
white in the original picture become a little grey, as 
the spot is large enough to overlap the boundary and, 
at the critical instant of changeover, is at half- 
brightness. 
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Fig. 13. Scanning of horizontal and 


inclined boundaries. 


If a horizontal boundary happens to occur which 
the spot overlaps, it disappears completely, and a 
diagonal becomes ragged, fig. 13. The smaller 
the spot, and therefore the greater the number of 
lines, the less is the amount of this particular 
distortion. In fact, it will be seen that the spot 
cannot distinguish any detail in a picture much 
smaller than itself. 


FREQUENCY RANGE. 


The electrical frequencies necessary in a tele- 
vision system can now be considered. Supposing 
400 lines are chosen, and it is required to be able to 
distinguish 400 equal changes of detail, in the 
extreme case from full black to full white along the 
line. The spot size must be aos of a line and, 
since the pair ‘black-white’ constitute a full cycle 
of the electric current, it is found that with such 
size of spot the current will be changing at a 
maximum rate of :— 

(lines)* x pictures per second x width of picture 
,* height of picture x 2 
Table 2 gives the value of this frequency for a 
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few selected cases. In the 400-line case, it is seen 
that a maximum frequency of 2,700,000 cycles per 
second is required for a picture 3 wider than it is 
high. This frequency is more than twice as high 
as that of medium wave broadcast, and explains 
why much higher frequencies, i.e., ultra-short wave 
lengths, must be used as the carrier wave of a tele- 
vision transmitter. 

The frequency f, obtained by use of the above 
expression, represents the facts more closely than 
might at first be realized. It is true that a series of 


TABLE 2. 


Television system data. Picture ratio 4: 3. 





Television Frequency in 
Ran¢ge. cycles per second. Wave Length. 
Light sas 7 500 million millions 5 ten-thousandths of a 
millimetre 
Picture .. 5 0 to about 2 millions Up to 150 metres 
Sound... - Up to 8,000 3 to 300 centimetres 
Radio i Abovt 45 millions About 4.5 metres 
Maximum picture frequency f = ns = in —— ee eee 
height of picture x 2 
Theoretical 
No. of No. of No. of Maximum No. of 
lines. pictures. points perline frequency. picture points 
120 25 160 24,000 19,000 
180 25 240 540.000 44,000 
240 25 320 960,000 76,000 
400 25 530 2,700,000 210,000 
0 restricted to 
400 25 290 } pope 120,000 











sudden changes from black to white, if translated 
accurately into square waves of electric current, 
gives a value for the current of :— 

j= = } 21m sin (wt) + ; sin (3wt).... + : sin (nwt) | 
where w = 27f, nis odd, and J,, is the maximum 
value of the current. This would appear to indicate 
the need for the transmission of the higher odd 
harmonics, without which the corners of the waves 
would be rounded off. However, the suppression of 
harmonics in any case is the consequence of ‘‘aperture 
distortion’’ already discussed, and only a slight 
improvement of the signal can be obtained by 
transmitting the small amount of harmonic which 
is left. In fact, the black-white changes do not 
repeat regularly, and strict analysis shows that the 
energy of the signal is spread over the whole frequency 
band, and in particular grouped about the funda- 
mental and its harmonics. 

It should be noted that if in the interests of 
economy in receiver and transmitter construction, or 
of leaving more space “‘on the air’’ the maximum 
frequency is restricted, the detail is reduced accord- 
ingly. The Alexandra Palace transmissions are 
somewhat restricted in this manner even on 400 
lines, and the definition is therefore somewhat 
between that shown in the last two lines of table 2. 

With regard to the lowest frequency employed 
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this is zero. In other words it is a direct current, 
and is almost as difficult to transmit and amplify 
by radio apparatus as is a very high frequency. 

It is not difficult to realize why zero frequency 
is necessary. Actually it is the average brightness 
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Fig. 14. Variation of current when scanning a dark and 
white spot picture on a grey, white and black background 
respectively. 


of a picture which may change very slowly from 
scene to scene. For example, with a still sunny 
scene, a cloud may come up and take perhaps 20 
seconds to darken the picture or, in other words, 
the system must record a change taking place at the 
rate of a6 of a cycle per second. 

Fig. 14 shows the change in the electric current 
which takes place if a picture consisting of a dark 
and white spot is scanned first with a grey back- 
ground, then with a white and finally with a black. 
It will be seen, that not only the rapid change from 
black to white must be transmitted but also the 
steady D.C. component corresponding to the back- 
ground. An actual picture is not so simple, and its 
D.C. component is determined by the general average 
light of the whole picture. 

If the picture is a “‘still’’ picture, it is easily 
proved that the D.C. component remains constant, 
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and the next lower frequency that may have to be 
transmitted is that of the picture repetition at 25 
cycles per second. A “close up’’ of someone speaking 
is very nearly a still picture, and for such pictures 
all frequencies might be eliminated below 25 per 
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might conceivably be used if television were operated 
as an adjunct to the ordinary telephone service 
between subscribers. 

However, if the picture is moving, the average 
intensity may change at any lower frequency and 








second. This would simplify the apparatus and this change must be faithfully transmitted. 
Fig. 15 shows the frequencies in 
an Dera. different parts of a system using 400 lines. 
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current and according to the foregoing may 
be from zero to 14 million cycles and of 
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varying amplitude. 
Sound accompanying the picture needs 
only the range from, say 50 to 10,000 cycles. 
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vision modifies these waves so that they overlap the 
neighbouring frequencies, producing the well known 
side bands. The sound band is too narrow to be 
shown on this scale. 

The superheterodyne receiver has an_ oscil- 
lator tuned to 42 million cycles, and produces 
two electrical beat frequencies, one for sound and 
one for vision, which can be separated by resonant 
circuits, each for its own purpose. 

Fig. 16 shows the nature of the vision signal, 
with amplitude plotted vertically and time horizon- 
tally as they come to the output of the receiver. 
The 400-line system has been illustrated as being 
the more complex of the two since the odd and even 
scans must be different. At 30 per cent of full 
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the receiver to separate the synchronising impulse 
from the picture. 
impedance in the grid circuit has an input/output 
curve which flattens off. The curve is adjusted so 
that it is completely loaded to the flattening point 
by black. 
tapped off, but in the anode of the valve only the 
synchronizing signal appears, and is transmitted 
to the time base. 
to cause false synchronization because it is lost in 


The pentode valve with a high 


A portion of the combined signal is 


The picture cannot get through 


the flat top of the curve. 


CONTRAST. 


It is important to know what range of contrast 
is necessary in television. In outdoor scenes, the 
range is about 50,000 to 1, but the eye 
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does not observe all these at once as it 
adjusts itself by accommodation to the mean 
brightness, and then can see perhaps a 
brightness 1 per cent of that as not quite 
black. The upper limit of contrast per- 
) ception is doubtful. A home cine works 
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with less contrast ratio than this, say 60:1, 

and in fact a good deal less contrast even 

down to 25:1 gives a useful picture. 
Cathode ray tubes are operated at a 
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better contrast range than this. Light 
actually entering the eye is measured in a 








unit called a photon and over the range 
in which the eye is required to operate in 
viewing a picture, say 1 to 50, its sensitivity 
to contrast is fairly constant, so that even 
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though the range of contrast is reduced, 
the different full and half tones are observed 
in a true relationship. The curves in fig. 18 
show the sensitivity of eye to change of 
brightness and different values of general 
brightness. 


FLICKER. 








Fig. 17.—-Circuit for use in a receiver to separate the 


synchronizing impulse from the picture. 


amplitude, the picture screen is adjusted to be 
quite black; the sharp downward drop to zero and 
back to 30 per cent cannot produce anything blacker, 
and is the synchronizing signal. Above the 30 per 
cent is the beginning of the picture line, 
varying up to full brightness and dropping again 
to zero at the end for the next synchronization. 
After the proper number of lines at the end of a 
picture frame there is a much longer period below 
the 30 per cent, giving the frame synchronization. 
The scan of the next frame then begins. 


SYNCHRONIZING 


IMPULSE SEPARATOR. 
A circuit is shown in fig. 17 which can be used in 


The light from a cinema picture or a tele- 
vision screen is essentially intermittent, and 
unless the pictures are repeated frequently 
they flicker badly. The frequency necessary 
for repetition to avoid flicker depends entirely on the 
brightness, and the relationship is shown in the 
curve given in fig. 19, 

In the early days of television, the light available 
in the eye was about 1 photon, and 15 or 20 
repetitions per second was enough. This is too dull 
to be satisfactory, and if a figure of 10 to 100 photons 
is reached, as is quite possible, it will be seen that a 
frequency of 40 is the minimum for the bright parts 
of the picture not to flicker. Films are normally 
used with 24 repetitions per second and flicker is 
removed by a rotating disc in the projector which 
chops the light at a higher frequency, but for 
television, some other solution must be used. 
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INTERLACING. 


In this method 25 pictures per second are still 
shown, but each picture is scanned twice, missing 
alternate strips the first time, and looking at them 
the second. In this way the screen is effectively 
illuminated 50 times a second and flicker disappears. 

Fig. 20 shows how the spot of light travels and 
the path follows naturally from having an odd 
number of lines and doubling the frequency of the 
vertical scan. 

One method of achieving this is by a disc with a 
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Fig. 18. Variation of contrast sensitivity 
with brightness. 


double spiral of holes (fig. 21), The picture is 
focussed on to it so as just to fill the space 
between inner and outer spiral. As the image of 
the film moves continuously up, and the spiral 
arrangement of holes takes the light spot down, 
the effect of doubling the speed of the film is 
obtained. 

Hole No. 120 starts, hole No. 1 and its 
successors being obscured by a separate shutter. 
Holes 120, 121, etc., then scan, giving lines in 
places 1, 3, 5, 7 by that time the image 
which is represented by the rectangles has moved 
up, and the top (but not quite top of the picture), 
is opposite No. 1 hole and the separate shutter 
opens for the No. 1 series and closes for No. 120 
Series. 


ICONOSCOPE. 

The photoelectric cell has been described at the 
beginning of this article as a device giving a current 
which depends on the light falling on it. An 
iconoscope (image viewer) uses the idea of combining 
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Fig. 19.—-Critical flicker frequency. 


together a great many photoelectric cells, by deposit- 
ing on a plate minute globules of caesium metal. 
Such a mosaic may contain several million globules. 
It is placed inside a cathode ray tube and connected 
in an electrical circuit so that each globule forms a 
small condenser between itself and the conducting 
back plate (fig. 22). 

An electron beam is made to scan it, and the 
picture to be transmitted is focussed on it. In the 
dark, the beam of electrons each time it reaches a 
globule charges it up to a definite voltage (determined 
by secondary emission); all the little cells reach a 
steady potential. Wherever there is light on the 
mosaic M, from the image, photo electrons go to the 
anode making M more positive. Next time the 
beam comes, it gives up some electrons to this patch 
which has lost them, and so causes an impulse of 
electricity in the amplifier connected in the circuit. 

The extreme importance of the iconoscope arises 
from the fact that the light from the image can 
release photo electrons continuously, while the 
electron beam itself is away scanning some other 
part of the picture. 

The beam returns every 25th of a second, but 
takes only about a millionth of a second to pass over 
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Fig. 20._-Diagram of interlaced scanning for a 
Marconi-E.M.I. television system. 
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what may be called one picture element. The 
“‘Emitron’” cameras used at Alexandra Palace are 
understood to be devices of this character. In 
nearly every other system, the photocell is only 
allowed to look at the object for the time taken to 
scan one picture element. 


ELECTRON CAMERA. 


Here the system makes use of one photocell, or 





Fig. 21.—-Interlaced scanning system. 


rather one flat photo-sensitive surface, on to which 
the image is focussed. But now another idea is 
used. The photo electrons which are released from 
the surface are not allowed to fly away at random ; 
they are controlled and carried away in parallel lines 
so that a cross section would form a sort of electric 
picture of the image on the screen. This form of 
focussing is accomplished by electric and magnetic 
fields (Fig. 23). 

Further, this electric beam 1s deflected vertically 
and horizontally at line and picture speeds so that 
every part of it passes over a minute window behind 
which is an anode connected to an amplifier. 
The amplifier therefore receives in turn a sample 
of the number of electrons coming from each 
picture element. 

The defects of this system lie in the fact 
that it has no storage feature and is therefore less 
sensitive than the iconoscope. The lack of 
sensitivity has been met by an_ extremely 
ingenious device of Farnsworth called the 
secondary emission multiplier which is_ rather 
beyond the scope of this article. 


RECEIVING AERIAL SYSTEM. 


The normal broadcasting services have been 
planned so that a great majority of listeners are in a 
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region of powerful signals. Under these conditions, 
almost any short length of wire will serve as an 
aerial, and it is not necessary to insist on the pre- 
cautions which ensure the efficiency of an aerial, 
such that it should be free from loss, due, for example, 
to bad contacts or bad connection to earth. Another 
precaution is that it should be in resonance with 
the incoming signal, and it is well known that the 
resonance occurs when the actual length of the aerial 
wire is one quarter, or a multiple of a 
quarter, of the incoming wave length. At 
long wave lengths, this results in incon- 
venient dimensions, and by earthing one 
end, use is made in normal broadcast 
reception of the aerial to earth capacity 
which increases the electrical length of the 
circuit. . 

At the short wave lengths of about 
7 metres employed for high definition 
television, it becomes practicable to use a 
Short vertical length of wire or rod about 
one half wave length long supported and 
insulated from earth by insulators; a usual 
length is 10ft. 5in. Such an aerial is 
called a dipole, and it can be placed at 
the top of a building clear of its surround- 
ings. The terminals of the receiver are 
connected to it by two wire feeders which 
can tap on to a section in the middle, as 
shown in fig. 24, the tapping points being 
chosen to match together the impedance of aerial 
and feeder. A _ suitable feeder is a concentric 
cable having a single central wire, and outer 
cylindrical conductor separated by insulation chosen 
for its low dielectric losses at high frequencies. 
A cable of this construction is largely immune 
from outside interference, and can be handled like 
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Fig. 22.—-Principle of Zworykin’s iconoscope. 


any other electric supply cable. A specially con- 
structed twisted pair cable can also be used. 
Where signal strength is strong, a short wire 
attached directly to the set will pick up television 
signals, but is often unsatisfactory because it may 
be subject to variations in the signal strength if 
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objects in the room, including persons, are moved, 
This is a direct consequence of the short wave length, 
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Fig. 23.—Farnsworth electron camera. 


since any conducting body of approximately half 
wave length dimensions can resonate and act as a 
reflector. In any building there is thus a very 
complicated variation of signal strength from place 
to place depending on the structure of the building, 
positions of wiring and piping, etc., so that in most 
cases the use of a dipole well clear of the building 
which avoids these difficulties, is desirable. 

Finally, the signal strength in the dipole can 
often be greatly increased by supporting one or 
more insulated dipoles suitably disposed near it 


which act as reflectors to concentrate the field 
upon it. 
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Fig. 24._-Receiving aerial for television. 
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Science and Electric Lighting. 


By CLIFFORD C. PATERSON, O.B.E., M.Inst.C.E., M.1.E.E. 


Director of the Research Laboratories of The General Electric Co., Ltd., Wembley, England. 


HERE are here two lamps. 
A casual glance does not 
indicate any great differ- 
ence between them. That is 
because one of them is one of 
the very latest products of the 
research laboratories of the in- 
dustry of modern lamp manu- 
facture. It is the latest born of a 
family of which the brothers and 
sisters are very different from 
this, for they have the most 
varied colours and shapes. We 
see some of them high up on 
buildings—long stems of different 
coloured light ; others as brilliant 
sources lighting our streets with 
yellow or with greenish light; others in large 
reflectors floodlighting buildings with colours. The 
experience gained with all these other members of 
the family has in effect led research men to this 
latest simple and ordinary looking lamp. They are 
modern—these lamps—the new generation of the 
lighting world. 

This other lamp is the youngest descendent of an 
ancient and illustrious line, an entirely different 
family, which started nearly 60 years ago at Newcastle, 
when Joseph Swan first showed how a fine stem of 
carbon could be made to glow in a vacuum when 
electricity was passed through it (fig. 1.). His was 
one of the very earliest electric lamps. Since that 
day few industrial products have had lavished upon 
them a greater measure of scientific thought and 
research. This research has had for its object to 
obtain as much light as possible out of a current 
carrying filament, with as small an expenditure of 
electricity as possible. The result of all the effort 
has been to yield an improvement, of about 10 
times, of the modern filament lamp over Swan’s 
lamp of 60 years ago. 

Scientific research on the newer and more 
varied family of lamps is naturally being carried 
on with the greatest intensity. 

I want first to use these two lamps to illustrate 
the two fundamentally different methods of pro- 
ducing electric light. In the one we obtain light 
from solids, in the other from vapours or gases. 


lamps. 


The following is a verbatim 
report of a lecture given by the 
Director of the G.E.C. Research : 
Laboratories before the British : it. 
Association for the Development : 
of Science, at Blackpool, in 
September, 1936. 

The author shows, in a clear 
and simple way, how scientific 
research has gradually brought 
about important developments in 
the production of electric lamps, 
and deals more especially with 
later forms of electric discharge 


In the newer kind of lamps the 
light comes from vapour which 
becomes brilliantly luminous when 
electricity is made to pass through 
The inner part of the lamp 
(fig. 2) is only a container for a 
very small volume of vapour 
contained in a space about 1 inch 
long and }{ inch diameter. A 
current has to be made to pass along 
this little enclosure. The secret of 
success has lain, of course, in learn- 
ing how to do this with the 
materials which nature and man’s 
art can put at our disposal. But 
we need not concern ourselves at 
the moment with how it is done. 

It should be observed that it is the vapour which 
carries the electric current. The current is led up 
to this metal termination, or electrode, and leaves 
again from this similar electrode, at the other end 
of the space. 

Now, there is nothing in that space except 
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Fig. 1.—Swan’s first incandescent lamp, 1878. 





molecules of vapour—in this particular lamp the 
vapour of mercury. When free molecules like this 


are compelled to carry electricity, they are at first 
somewhat reluctant to respond, but once they are 
put into a condition to respond they enter into the 
spirit of the thing with such excitement and vigour 
that their extreme activity is none too easy to control. 
The intensity of the light in this lamp is a measure 
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of the vigour with which the molecules of vapour 
are responding to the conditions of stimulation 
which we arrange for them. 

But the fact I want you to note is that the mole- 
cules will only respond in their own particular way 
and they show their peculiarities by the nature of 
the light they emit. Just as we can only get pansies 
from pansy seed and grass from grass seed, so does 
the mercury molecule, the oxygen, or the hydrogen 
molecule, or that of any other gas or vapour have its 
own characteristics. One of these characteristics is 
the peculiar composition of the light it gives out. 
A casual glance shows that the light from this 
mercury lamp has a special colour. If instead of 
letting the different components of the light come 
to our eyes as they are here, all jumbled together, 
we put them through a spectrograph, we can separate 
them and see precisely what are the colours which 
the mercury molecules are sending out and, when 
mixed up, give the particular colour which we see. 

(The lecturer’s slides reproduced in figs. 3, 4, 5, 7 
and 13 showed the actual colours of the different parts of 
the spectrum referred to. As reproduced here they can 
be understood by reference to the wavelength scale ; 
i.e., a wavelength of 4,000 is the extreme visible violet 
of the spectrum and a wavelength of 7,000 the extreme 
visible red.) 

This spectrum—or analysed light—from mercury 
vapour (fig. 3) is intended to represent pictorially the 
same thing. It will be noted that the colours are the 
Same as in the actual spectrum. Here (fig. 4) is the 
spectrum of a lamp in which the molecules of sodium 
vapour (instead of mercury vapour) are sending out 
the light. There is practically one colour only—yellow. 

Fig. 5 is the spectrum of a lamp in which the 
molecules of neon gas are emitting light. It has a 
closely spaced group of red and orange lines of light. 

This serves to show us what, from the point of 
view of the lamp maker, are the particular features 





Fig. 2.—Inner portion of lamp containing a small volume 
of vapour. 


of lamps in which electricity is made to stimulate 
the free molecules of vapours or gasses. We shall 
return again to such lamps in a moment. 

But what about this other lamp—the familiar 
incandescent filament lamp. This has a filament of 
tungsten metal which the electricity heats to a high 


temperature. Tungsten metal is also of course 
made up of molecules—tungsten molecules. Why 
do not the molecules of solid tungsten radiate light 
in the same kind of way as those of mercury which 
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Fig. 3._-Light from discharge in mercury vapour: energy 
distribution in spectrum. 


we have just seen? They clearly do not, as you 
can see from this spectrum of the tungsten lamp 
(fig. 6) which contains all the colours shaded into 
one another. Instead of sending out light of a few 
isolated colours it has light of all colours of the 
spectrum from violet to red. The spectrogram 
would be exactly the same as this if the material 
giving the light were any other incandescent solid 
or liquid. 

The reason is that the molecules of solid materials 
are not free, when stimulated, to radiate light 
individually. They become hot as the solid material 
which they compose is heated by an electric current ; 
the elements of which they are made up try to move 
in the way they would move if they were in free 
space. But they are constrained and fail to do so. 
Their efforts are degraded into a confused radiation 
of all colours. That is why solids, when incandescent, 
are all very similar in the nature of light they give 
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Fig. 4.—Light from discharge in sodium vapour: energy 
distribution in spectrum. 


out. Their light is very similar to that of the sun, 
which comes from incandescent vapours and gases 
under extreme conditions of pressure. This refer- 
ence to the sun’s light is by the way, but I mention 
it because its colour is on the whole what we like 
best for illuminating the people and things we 
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ordinarily look at. The incandescent filament being 
a rough imitation of the sun’s light also on the 
whole gives us satisfaction for illuminating purposes. 

You therefore ask, why do we want to break 
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Fis. 5.—Light from discharge in neon: energy distribution 
in spectrum. 


away from incandescent solids, and employ these 
vapours and gases which seem to give such highly 
coloured light. 

The reason is easy to see. Look again at the 
diagram, fig. 7. When we make light by causing 
electricity to stimulate mercury vapour the upper 
part of the diagram shows what we are getting from 
the mercury for the money we spend on the electricity. 
A stream of green light, somewhat similar streams 
of blue and yellow light. A trickle of viclet light. 
There are also two other radiation streams which are 
not giving light, but which are nevertheless using up 
some of the electricity. One powerful stream 
is beyond the violet light. It is called ultra violet, 
and we shall see in a moment how it can be used. 
The other stream is beyond the visible light at the 
other end and is called infra red. This latter is 
heat without light; very little of it is wanted. The 
electricity which is represented by this heat radiation 
is mostly wasted. But you see what a lot of useful 
light we get for the electricity we pay for in pro- 
portion to the amount which is wasted as heat. 

Now look at the lower diagram representing an 
incandescent solid—for instance, a filament. This 
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Fig. 6.—Light from incandescent tungsten: energy 
distribution in spectrum. 
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shows what the filament gives us in return for the 
money we spend on the electricity which makes 
it white hot. The shaded part is the light we get. 
Look at the great torrent of energy wasted as heat 
and represented by the black area. 

Some of these vapours and gases are able to give 
us much more light in comparison with the wasted 
heat than the incandescent filament can ever hope 
to do. We therefore get from them more light 
for the money we spend on the electricity. That then 
is the lure of these electric discharge lamps. We 
like plenty of light and we like it cheap. 

Before we examine some of the very fascinating 
things connected with new electric discharge lamps 
I want to spend five minutes thinking about 
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Fig. 7.—-Energy distribution in continuous and line 
spectra (not to same vertical scale). 


filament lamps (fig. 8). They, too, have responded 
to research and skill expended with the object of 
making them more efficient. 

To make a filament lamp more efficient you can 
try to do either or both of two things. You can 
make the filament give out more light by running 
it hotter or, keeping the light the same, you can 
make it waste less energy by preventing it from 
losing so much of its heat. 

Before the war, when we had this “‘cage’’ type 
lamp (fig. 9) with its straight tungsten filament in a 
vacuum, we thought we had reached the end of lamp 
evolution. For tungsten which is a most difficult 
material to work, has almost the highest melting 
point of any metal. It can therefore be run very hot, 
and no-one could see how anything hotter, and at 
the same time more efficient, was possible. True, 


if the electricity were forced through this filament 
so as to bring it closer to its melting point it became 
hotter, but the tungsten evaporated from the filament 
and the life was short. 
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Why not then put gas in the bulb instead of 
having a vacuum, and thereby prevent the molecules 
of the tungsten being evaporated off ? 

(The lecturer proceeded to show by experiment 
that the introduction of nitrogen into a lamp bulb 
containing a straight tungsten filament diminished 
the light emitted from the filament by abstracting 
heat from it ; further, that forcing more current 
through the filament in an attempt to increase the 
light output made the whole bulb so hot that it 
threatened to collapse). 

Here was where research came to the rescue. 
A very brilliant series of experiments showed the 
unexpected fact that if we coil up the filament into 
a small space the movement of the gas past the 
filament is far less effective in carrying away the 
heat than if the same filament is stretched out 
Straight. So we can use gas to suppress the evap- 
oration and consequent wastage of the tungsten, and 
still retain a much larger amount of heat in the 
filament. 

Thus, here in this lamp is a similar filament wire 
coiled up into a fine spiral (fig. 10). It is amply 
brilliant. There is plenty of gas in this bulb, but the 
coiled filament is so much more retentive of heat 
in spite of the gas that we can heat it right up— 
hotter for the same life than when it was straight. 
When the lamp maker came to balance up the gain 
of light against the loss of energy by the gas he 
found he was distinctly to the good on the balance. 

Let us illustrate this effect of the difference 
between a closely coiled wire and an open coiled or 
straight wire. Here is a closely wound coil of thick 
wire. As we pass electricity through it it rises to 
a red heat. The compact form prevents the cooling 
air having very ready access to its surface and it 
gets quite hot. But note what happens as we now 
straighten out the spiral. There is the same electric- 
ity, everything is the same, except that now the 
cooling air has far readier access, and the wire 
readily loses its heat to the air which is streaming 
across it. 

Thus, we evolved the tightly coiled gasfilled 
filament lamp, and I hope its advantage can now be 
seen. It held the field for 20 years, in fact until a 
year ago. The coil of wire was extraordinarily 
fine for it was necessary to spiral a yard of the finest 
wire into a coil only 13 inches long. 

You will already have been asking why, if this 
coiling improves things so much, we do not coil 
the coil, and make the hot element still more compact 
and therefore preserve its heat still more. This 
has now been done, but only after years of research— 
for the metallurgical and the electrical problems 
involved have been very baffling. Here is such 
a coiled coil filament magnified (fig. 11). The 
larger proportion of the lamps made in this country 
for domestic use now have coiled coil filaments and 


they give up to 20 per cent more light for the 
electricity they use. 

Before we leave the filament lamp I think you 
ought to realize the skill and craftsmanship which 





Fig. 8. Typical gasfilled filament lamp. 


goes to the making of one of these filaments. Con- 
sider the ordinary 40 watt lamp which we all use 
in our houses. The metal tungsten out of which 
the filament is made is one of the toughest and most 
refractory of metals. It is so hard that it has to be 
drawn down hot through diamond dies, which 
therefore have to be pierced with holes—perfectly 
round holes—no more than the size of a fine human 
hair, for this is the size of the finished wire. This 
wire diameter must be correct to within a half of 





Fig. 9.—‘‘Cage’’ type of vacuum lamp with straight 
tungsten filament. 





96 G.E.C. JOURNAL 


1 per cent, 1.e., five millionths of an inch. Picture, 
therefore a wire the size of a spider’s web thread, 
accurate in diameter and beautifully round and 
polished—and think of the craftsmanship of the 
girls who do this drawing. As one of them des- 
cribed it to me—“‘It is like threading a wire you 
can’t see through a hole that isn’t there.’’ This 
minute thread has then to be coiled with the greatest 
uniformity and equal precision, and this coil again 
coiled. Out of the 3,775 turns in the spiral of one 
filament not a single one must touch its neighbour, 
although there is only a space less than the thickness 
of a cigarette paper between any twoturns. The 
whole diminutive structure has to carry electric 
current and stand being heated to within 25 per 
cent of its melting point, and remain so for 1,000 
hours without distortion. Such filaments have to 
be made by the thousand and such are your black 
looks if one occasionally fails prematurely, that 
failures before 500 hours’ burning have been reduced 
to less than 1 per cent in the best makes. People 
think lamps are expensive! If the filaments were 
ten times as large so that they could be seen I 
believe people would think that they were worth 
more—notwithstanding the fact that they would 
be 100 times easier to make. 


ELECTRIC DISCHARGE LAMPS. 


We saw just now that the enhanced efficiency of 
this vapour lamp was due to the absence of unwanted 
radiation. 
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Fig. 10.—_-Magnified reproduction of lamp filament 
coiled into a fine spiral. 


To show that the efficiency is actually much 
higher we have these two lamps, a vapour lamp and 
a filament lamp, both using the same amount of 
electricity. I think it is obvious from inspection 
that the vapour lamp contributes much more to the 
total light than does the filament lamp. Actually, 
in the comparison before us the amount is about 
three times as great. 

Now all vapours and gases are not so generous 
as mercury in the amount of light they give, so we 
have to choose carefully between them. 

There is a somewhat subtle fact here which we 
have to remember. Your eyes and mine are not 
equally sensitive to all colours. Fig. 11 shows by 


the height at different colours how much more 
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readily our eyes can see with a given amount of 
radiation in one colour, say yellow-green, than with 
the same amount of radiation with blue or red 
colour. 

If we had two electric lamps giving out the 
same amount of light and both using a penny-worth 
of electricity a day, but one giving only blue light 
and the other only green light—the second one 
would appear to us to give five times more light 
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Fig. 11. Average relative luminosity of radiation. 


than the other, because to our eyes, as we see from 
the diagram, the green light is more useful to see 
with ; in other words it seems brighter. 

Here are the colours given out by the gas argon 
(fig. 12). You see the principal colours are in the 
red and violet end of the spectrum. There is also a 
little blue, but very little orange or green. Here 
is an actual electric lamp with argon gas in it. The 
colour is attractive, but you see it has not those 
colour elements to which the eye is more sensitive 
and the lamp in consequence is inefficient and on 
this account will hardly do for utility purposes. 

Here, on the other hand, is an electric discharge 
lamp which, in addition to argon, contains some 
solid sodium. On first switching current on to this 
lamp the colour obtained is very similar to that of 
the argon tube we have just seen. If, however, we 
vaporize the sodium by heating it, the brilliant 
yellow light characteristic of sodium is obtained. 
The colour is far from attractive for general lighting 
but it is efficient, first because its colour—yellow—is 
one to which our eyes are fairly sensitive, and 
secondly because there is so little other radiation 
sent out in the shaded regions in fig. 13, i.e., the 
non-visible ones. 

Here are some tubes containing different gases 
through which electricity is passing. You see the 
large variety of colour which is possible—and can 
appreciate how it is that we have such cheerful 
colour effects in our city streets at night. For 
purely decorative work it is of course attractive to 
have as many colours as possible to choose from. 

Some of these tubes are fairly efficient especially 
when considered as creators of coloured light. Neon 
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gas, for example, with its rich orange-red light is 
about three times as efficient as a tungsten filament 
lamp in a red glass bulb and giving light of about 
the same colour. 

Each gas or vapour much prefers to operate 
alone. The presence of two gases or vapours in the 
same tube usually results in the suppression of the 
light from one of them. 

Certain other additives—hydrogen for example— 
change the efficiency without altering the colour 
much. We have here a lamp with Neon gas, fitted 
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Fig. 12.—-Light from discharge in argon: energy 
distribution in spectrum. 


with a palladium tube for the purpose of admitting 
hydrogen. You will see when this is done that the 
light becomes much less intense even when only a 
trace of hydrogen is allowed into the tube. The 
intensity returns to normal as soon as the supply of 
hydrogen is stopped. Gases are not good mixers. 

Of all the gases and vapours you have seen, three 
stand out as the most promising ones to use if we 
want light to be abundant and cheap. 

Cheap you say—yes, and what about the colour 
rendering of the human face? We have to go a 
step atatime. We have aimed first at high efficiency 
and if this could be attained we have been confident 
that we could in time improve the colour. We will 
try to see how science and research have brought 
us, so far, in the direction of combining high effic- 
iency with tolerable colour. I am going first to 
floodlight you successively with the light from 
sodium, neon, and mercury. Don’t look at the 
lamps themselves but at your surroundings. 

The sodium lamp is pretty bad and we don’t 
yet know a good way of correcting its colour—which 
is a pity—for at present it is the most efficient of all. 
It gives out, as we saw, just yellow light, and all 
objects including our faces are a monotone in yellow- 
brown. When it is used at the relatively low illumin- 
ations which prevail in street lighting it is tolerable, 
and is being employed for this purpose, for which 
it has certain advantages. 

Here is a colour chart which we will illuminate 
first by a tungsten lamp and then with a sodium 
lamp. It is obvious how such a lamp, used for 


general illumination, would take all the interest and 
charm out of our surroundings. 

' The neon lamp has been used for floodlighting 
red brick buildings (fig. 14), for which it is particu- 
larly suitable, and for obtaining other colour effects. 
Its luminous efficiency is about the same as that 
of the familiar gasfilled tungsten filament lamp. 
The light is, however, almost completely deficient 
in green and blue rays and considered as a lamp for 
general illumination purposes, neon has little to 
commend it. It has, however, been used together 
with special green tubes for efficient interior lighting 
—lighting, that is to say, which must give reasonably 
faithful colour rendering—and which, by the way, 
must be just sufficiently unfaithful to the com- 
plexion to be flattering. 

Owing to the high efficiency of the green tube 
used in these combined lighting units the overall 
efficiency of the combination is approximately twice 
that of the tungsten filament lamps. But I would 
like to show you the beginning of something better— 
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Fig. 13.—Energy distribution in continuous and line 
spectra (not to same vertical scale). 


the result of some recent investigations. We find 
that if we coat the inside of a neon tube with a 
special luminescent powder, the activity of the gas 
in the tube excites the characteristic fluorescence 
of this powder. It therefore gives out light, light 
of the colour we want which, as it mixes with the 
red light from the neon gas gives us a series of 
agreeable colours very suitable for interior lighting. 

Here are three such tubes.—The left hand ends 
have been left uncoated so as to show what the 
light is like without the powders. In these coated 
tubes the presence of the powder not only improves 
the colour but doubles the light from them. The 
lowest of these gives a very fair white light. 

Hitherto it was only found possible to excite 
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fluorescence to an appreciable extent by direct 
excitation of the powder by the electrons of which 
the current consists, or else by means of the mercury 
discharge which is very rich in ultra violet light. 
The great advance lies in the discovery that neon, 
which is comparatively poor in ultra violet light, 
can in certain circumstances and with suitable 
powders be made to excite luminescence. 

I want to return to these luminescent materials 
shortly. But before doing so let us examine the 
last of the three most promising vapours or gases. 

This is the mercury vapour lamp with which 
we are now floodlighting this hall. This in my 
Opinion is the most interesting of the three, and 
we hope to demonstrate its considerable possibilities. 





Fig. 14._-Neon lamps used for floodlighting a red brick building. 


The first thing you have noted is that it is anything 
but flattering to the complexion. True—and that 
is the worst of it. 

If our complexions had no red in them and were 
blue or yellow it would do excellently—for mercury, 
as we saw, has both these colours. It has also violet 
and, still more important—ultra-violet. Red is all 
it really lacks. We see this at once when we turn 
the light on to the colour chart. You will note 
that yellows, greens and blues all show well—only 
red is deficient. Thus, light from mercury— 
unaided by luminescence—is better than that from 
either sodium or from neon on account of the greater 
variety of colours it contains in its light. Let us 
pass the colour chart across the sodium, neon and 
mercury lights in turn. There is no doubt that 
mercury gives the most colour. 

But one of the important advantages of mercury 
lies in the presence, in its radiation, of plenty of 
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ultra violet. This you will remember was radiation 
with a shorter wave length than the visible blue— 
just too short to excite the seeing functions of our 
eyes. This ultra-violet radiation can be put to good 
use in exciting fluorescence. If the tube is not 
operated at a high temperature, the fluorescent 
powders may be applied to its inside surface, when 
the strong ultra-violet lines of mercury are able to 
exert their full effect. Here is such a tube. The 
right hand of it is coated internally with a green 
luminescent material. The left half displays the 
mercury discharge without the addition of lumin- 
escence. The increase in light due to the fluorescence 
is in this case about eight times. 

Now the glass walls of the intense mercury 
lamps (such as all here have probably 
seen in use for street lighting) are too 
hot to permit the powder to be applied 
directly. So in this case we must apply 
it to an outer envelope which does not 
become so hot. 

We now know of luminescent materials 
which, when stimulated by ultra-violet 
light falling on them will give out visible 
light having a red hue. If we coat an 
outside bulb with this material the useless 
ultra violet light is converted by the 
powder into useful red light and the 
colour of the light from the combination 
is thereby improved. It is not perfect— 
but it is greatly improved. 

Here is such an outside envelope 
coated with powder. Underneath it (and 
screened from you so that it does not 
dazzle) is an electric lamp using mercury 
vapour. Here isa length of multi-coloured 
cloth placed so that the light from the 
mercury vapour falls on it. We now 
lower once or twice the envelope over 
the lamp, and you will observe how the colour 
renderings are improved. There is no loss of 
efficiency when this envelope is in place because 
the powder adds as much new light as it absorbs 
of the original light falling on it. 

These luminescent materials bid fair to play 
a considerable part in electric discharge lamp lighting. 
Whilst they have been known and used for different 
purposes for over a 100 years we are only now 
discovering how extremely bright they can be made, 
and how effectively the different methods of exciting 
them can be employed. 

As an example of this I have an experiment here 
which shows how powerfully these powders can be 
excited by the electrons present in the discharge. 
The tube is coated internally with a powder. At 
present there is a gas in the tube and the electrons 
which comprise the electricity and which are passing 
along the tube are absorbed by the gas before they 
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can reach the coating on the walls. This is therefore 
only feebly excited by the discharge. By means of a 
charcoal side-tube cooled in liquid air the gas can be 
absorbed and thus removed from the main tube. As 
the pressure falls the distance the electrons can move 
without being interferred with by the molecules of 
gas increases, until they are able to strike the lumines- 
cent powder on the walls with increasing force. The 
powder is then seen to be excited to a brilliant 
fluorescence, which stops as soon as the gas pressure 
falls so low that no more electrons are present. 
If the charcoal is heated again by removing the 
liquid air the sequence of happenings takes place 
in the reverse order. 

Before leaving this interesting and important 
subject of fluorescence we should like to show 
some of the colours obtained by 
exciting these powders by a lamp 
from which the visible light has 
been removed by a special dark 
glass thus leaving the invisible ultra 
violet light only to come through. 
In order to show these effects in 
this large hall I have had the 
powders applied to sheets. of 
cardboard which we will now place 
successively in the beam of ultra 
violet radiation. First of all here 
is an uncoated piece of white 
cardboard which does not fluoresce. 
This shows how little visible light 
comes from this lamp. Here is the 
powder with a reddish fluorescence 
which we have just used to improve 
the colour of the mercury lamp. 
You will observe how some of the 
powders continue to glow—or phos- 
phoresce as we call it when the 
beam of ultra violet light is cut off. 

All this, I hope, shows that the resources of 
science are by no means exhausted in helping us, 
without using any more electricity, to add the 
missing colours to light given out by some vapours 
and gases, thus making objects illuminated under 
such light look as they do in daylight. 


Fig. 15. 


HIGH PRESSURE MERCURY LAMPS. 


But that does not finish the story of the mercury 
lamp and its possibilities. In the lamps we have 
been examining so far, the mercury vapour is at a 
relatively low pressure when the lamps are burning. 
When we speak of the vapour being at a low or a high 
pressure we simply mean that there are respectively 
a smaller or a larger number of molecules of the 
vapour filling the space in the tube and through 
which the electricity passes. 

It was found four or five years ago that very 
great yields of light could be obtained from the 


passage of electricity through mercury vapour, if 
the pressure of the vapour were increased to about 
one atmosphere as compared with about 1/100th 
of an atmosphere in the older types of lamp. 
Furthermore, research showed the way by which 
this higher pressure lamp could be made of simple 
construction. The result has been the improved 
lighting of hundreds of miles of streets in Great 
Britain, fig. 15. There are, in fact, some 20,000 street 
lighting posts now fitted with these lamps. I have 
one of these lamps here (fig. 16). They are well 
known now, but I would like you to look at this 
projection of the luminous part of one of these 
lamps. The naked lamp is too bright and too small 
to see properly from a distance, but the greatly 
reduced brilliance of the projected image gets over this. 





Typical street lighting scene employing high pressure mercury 


vapour lamps. 


It should be noted how the discharge concentrates 
itself in a sort of central cord of luminous glow. 

Now the increased intensity of this central 
luminous cord is the result of the electricity tending 
to confine itself to this narrow track which it makes 
for itself through the molecules. The greater the 
number of molecules of vapour present (i.e., the 
higher the pressure) the narrower does this luminous 
cord become for the same electric current passing. 
This of course makes the luminous cord intrinsically 
much brighter. We can in this way force electricity 
to make its track through denser and denser masses 
of molecules with the result that we achieve brighter 
and brighter luminous cords. The temptation to 
push this process to the limit is thus very great, for 
although we do not necessarily obtain much more 
light for the electricity we use, we do obtain sources 
of light which have a most remarkable brilliancy—a 
quality which has important practical uses. 
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The tube containing the discharge naturally gets 
hotter during this process of forcing electricity 
through it, and we soon find that the keeping of this 
tube cool is the main problem before us if we would 
push the process to extremes. 

Let us examine the phenomenon in stages. We 
are looking at the lamp in which the mercury vapour 
pressure is one atmosphere. The envelope is made 
from a special hard glass to withstand a temperature 
of about 600° C. It takes 10 volts per centimetre 
of arc column to operate the discharge, and the 
brightness is 150 candles per sq. cm. 

Here is a small edition of the same 
lamp using about the same amount of 
electricity but operating at a mercury 
vapour pressure of 10 atmospheres. The 
transparent envelope consists of pure 
quartz since the temperature now rises 
to about 1,000° C. It takes 50 volts per 
centimetre to operate the discharge, and 
the brightness of the column is 700 to 
800 candles per sq. cm., which is about 
5 times as bright as the previous 
atmospheric pressure type. The bare 
lamp simply seems to have the same 
intense light as the previous atmospheric 
type ; this, however, is an optical delusion. 

We can perhaps appreciate better the 
difference in the brightness of these two 


sources if we project their images side by 
side on the screen. On these images, the 
smaller one is about five times brighter 
than the other. 

However, even quartz will not stand 
up to the very high temperatures it is 
possible to attain, and unless we make 


provision for adequately cooling the 
quartz envelope the life of the lamp would be very 
short. 

In the next example we help matters further by 
keeping the quartz cool with a stream of water. 
In this way we are able to dissipate still more power 
in the tube. The volts per centimetre of arc column 
are now 300 to 500 and the brightness reaches 
30,000 candles per sq. cm., which is comparable 
with that of the high current density arc used for 
cinema projection and searchlights. We will look 
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at the projection of its image first, it is above the 
other two. In comparison with the previous two 
lamps the greater brilliancy is obvious. We will 
now switch on a naked lamp. It does not do to look 
at it direct or the after image on our eyes may bother 
us for 5 or 10 minutes. 

When we tax the qualities of quartz to the limit 
we can reach 150,000 candles per sq. cm., i.e., 1,000 
times brighter than our first lamp. This is com- 
parable with the brilliance of the sun itself. But 
under these conditions the quartz lasts only for a 
few minutes or seconds even when cooled with 

water. 

Lamps of this type when they become 
practicable have one main purpose. Used 
in conjunction with mirrors or lenses 
they may take the place of carbon arcs 
and tungsten lamps for  projectors— 
whether in aerodromes, cinemas, or 
searchlights—where they may possibly 
have advantages over the lamps in use 
for these purposes at present. 

Through the medium of _ these 
experiments I have been trying to 





Fis. 16.—-High pressure 
mercury vapour lamp. 


picture to you the outlook at the 
moment of the scientific worker in the 
field of electric lighting. That outlook 
changes rapidly. We have seen that 
only during the past four years an 
increase of three times has_ been 
achieved in the amount of light obtained 
from a given amount of electricity. 
Secondly, that during the same period 
the possibility has been demonstrated 
of making lamps of which the luminous 
component is certainly a hundred times 
brighter than the brightest filament 
previously available. 

These are very considerable technical achieve- 
ments in which this country has been a pioneer, and 
industry in this country is not being slow to exploit 
them. 

Light is now becoming so cheap that it 
is folly to spare it. For its liberal use can 
contribute so greatly to safety and _ beauty 
in highway and garden, in our workshops ana 
homes. 











